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Lqwhuqdwlrqdo wudgh fdq wudqvplw wkh ehqh￿wv ri whfkqrorjlfdo dgydqfhv dfurvv erughuv1 Zh
dvvhvv wkh lpsruwdqfh ri wklv phfkdqlvp e| vwxg|lqj zruog surgxfwlrq dqg wudgh lq fdslwdo
jrrgv1
Zruog U)G dfwlylw| dqg zruog surgxfwlrq ri fdslwdo htxlsphqw duh kljko| frqfhqwudwhg lq
d vpdoo qxpehu ri frxqwulhv1 Pruhryhu/ dv Iljxuh 4 vkrzv/ wkh frxqwulhv wkdw duh prvw U)G
lqwhqvlyh duh dovr wkh rqhv prvw vshfldol}hg lq pdnlqj htxlsphqw1￿ Zkloh rqo| d ihz frxqwulhv
gr pxfk U)G/ wkh ehqh￿wv pd| vsuhdg durxqg wkh zruog wkurxjk h{sruwv ri fdslwdo jrrgv
wkdw hperg| qhz whfkqrorj|1 D frxqwu|*v surgxfwlylw| wkhq ghshqgv rq lwv dffhvv wr fdslwdo
jrrgv iurp durxqg wkh zruog dqg lwv zloolqjqhvv dqg delolw| wr pdnh xvh ri wkhp1
Zh ghyhors d prgho ri wudgh lq fdslwdo jrrgv wr hydoxdwh wklv ylhz ri wkh zruog1 Wkh
wkhruhwlfdo iudphzrun frpelqhv Vrorz*v +4<93, prgho ri whfkqrorjlfdo fkdqjh hperglhg lq
qhz fdslwdo jrrgv zlwk d prgho ri Ulfdugldq wudgh vlplodu wr Hdwrq dqg Nruwxp +5333,12
Wkh prgho frqqhfwv d qxpehu ri hpslulfdo revhuydwlrqv wkdw kdyh douhdg| ehhq pdgh dqg
r￿huv vrph qhz rqhv=
41 Lw lpsolhv d olqn ehwzhhq furvv0frxqwu| surgxfwlylw| gl￿huhqfhv dqg gl￿huhqfhv lq fdslwdo
dffxpxodwlrq pxfk olnh wkh rqh h{soruhg e| Pdqnlz/ Urphu/ dqg Zhlo +4<<5,1 Dv
srlqwhg rxw e| Gh Orqj dqg Vxpphuv +4<<4,/ Mrqhv +4<<7,/ dqg Uhvwxffld dqg Xuuxwld
+5333,/ krzhyhu/ furvv0frxqwu| gl￿huhqfhv lq uhdo udwhv ri dffxpxodwlrq ghulyh pxfk
pruh iurp gl￿huhqfhv lq wkh uhodwlyh sulfh ri fdslwdo jrrgv lq whupv ri frqvxpswlrq
jrrgv wkdq iurp gl￿huhqfhv lq vdylqjv udwhv1￿ Jlyhq wkh vkduh ri uhvrxufhv vhw dvlgh iru
dffxpxodwlrq +wkh vdylqjv udwh lq Vrorz sduodqfh,/ srruhu frxqwulhv duh jhwwlqj pxfk ohvv
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|￿L? ￿? |￿i hi*@|￿￿i Th￿Ui Lu U@T￿|@* uLh UhLtt￿UL￿?|h) ThL_￿U|￿￿￿|) _￿gihi?Uit￿iru wkhlu prqh|1 D pdmru sxusrvh ri rxu zrun lv wr xqghuvwdqg wkh qdwxuh ri jhrjudsklf
eduulhuv ehwzhhq frxqwulhv wkdw jhqhudwh wkhvh uhodwlyh sulfh gl￿huhqfhv1
51 Wr wkh h{whqw lpshglphqwv wr wudgh lq fdslwdo jrrgv duh dw zrun/ wkh| vkrxog eh uh￿hfwhg
lq fdslwdo jrrgv wudgh1 Khqfh rxu prgho lpsolhv d olqn ehwzhhq surgxfwlylw| dqg lpsruwv
ri fdslwdo jrrgv1 Wklv uhodwlrqvkls uhvhpeohv wkdw xvhg e| Frh dqg Khospdq +4<<8,/
Frh/ Khospdq/ dqg Kr￿pdlvwhu +4<<:,/ Zdqj dqg [x +4<<<,/ dqg Nhoohu +5333,/ dprqj
rwkhuv/ wr uhodwh U)G dqg lqwhuqdwlrqdo wudgh wr whfkqrorj| gl￿xvlrq1e
61 Wkh prgho dovr lpsolhv d olqn ehwzhhq sdwwhuqv ri lqwhuqdwlrqdo wudgh lq fdslwdo jrrgv
dqg ghyldwlrqv iurp wkh odz ri rqh sulfh1 Zh xvh wklv uhodwlrqvkls wr surylgh d qhz
shuvshfwlyh rq dqg qhz phdvxuhv ri gl￿huhqfhv lq wkh frvw ri fdslwdo htxlsphqw dfurvv
frxqwulhv1
Wklv wklug olqn lv dw wkh khduw ri rxu hpslulfdo dqdo|vlv/ exw zh h{sorlw wkh ￿uvw wr wudqvodwh
rxu ￿qglqjv lqwr wkhlu lpsolfdwlrqv iru surgxfwlylw|1
Vlqfh zh ￿qg jhrjudsklf eduulhuv wr wudgh lq fdslwdo htxlsphqw wr eh txdqwlwdwlyho| lp0
sruwdqw/ wkh| ghvhuyh vrph ixuwkhu glvfxvvlrq1 Wkhvh eduulhuv pljkw uh￿hfw frvwv dulvlqj iurp=
+l, pdunhwlqj ryhuvhdv/ +ll, qhjrwldwlqj d iruhljq sxufkdvh/ +lll, wudqvsruwlqj jrrgv wr iruhljq
orfdwlrqv/ +ly, wdul￿v/ +y, qrq0wdul￿ eduulhuv/ +yl, glvwulexwlqj jrrgv lq iruhljq pdunhwv/ +yll,
dgdswlqj htxlsphqw wr iruhljq frqglwlrqv dqg vwdqgdugv/ +ylll, lqvwdoodwlrq lq iruhljq surgxf0
wlrq idflolwlhv/ +l{, wudlqlqj iruhljq zrunhuv wr xvh wkh htxlsphqw/ dqg +{, surylglqj sduwv/
pdlqwhqdqfh/ dqg fxvwrphu vhuylfh iurp deurdg1
Hdfk ri wkhvh idfwruv udlvhv wkh frvw ri ex|lqj dqg xvlqj lpsruwhg htxlsphqw/ exw rqo|
vrph ri wkhp zrxog vkrz xs lq vwdqgdug phdvxuhv ri wkh sulfh ri htxlsphqw1 Rxu dssurdfk
lv wr lqihu wkh ixoo frvw dv uhyhdohg e| zkhuh frxqwulhv ex| wkhlu htxlsphqw1 Rxu wudgh0edvhg
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5phdvxuhv ri htxlsphqw sulfhv doorz xv wr txdqwli| pdq| ri wkh eduulhuv +erwk vhoi0lq￿lfwhg
dqg qdwxudo, wr dgrswlqj iruhljq whfkqrorj| wkdw kdyh ehhq prghohg e| Sduhqwh dqg Suhvfrww
+4<<7/ 4<<<,/ Urphu +4<<7,/ Krophv dqg Vfkplw} +4<<8,/ dqg Dfhprjox dqg ]lolerwwl +5333,/
iru h{dpsoh1
Rxu wudgh0edvhg phdvxuhv ri htxlsphqw sulfhv idoo txlwh v|vwhpdwlfdoo| zlwk ghyhorsphqw1
Zh hvwlpdwh htxlsphqw wr eh fkhdshvw lq Jhupdq|/ Mdsdq/ wkh Xqlwhg Nlqjgrp/ dqg wkh
Xqlwhg Vwdwhv/ wkh irxu pdmru surgxfhuv1 Dw wkh rwkhu h{wuhph/ zh hvwlpdwh htxlsphqw wr eh
pruh wkdq 618 wlphv dv h{shqvlyh lq Hj|sw/ Ludq/ Nhq|d/ Prurffr/ Qljhuld/ dqg ]lpedezh1D
Lq frpelqdwlrq zlwk gl￿huhqfhv lq frqvxpswlrq jrrgv sulfhv +zklfk duh v|vwhpdwlfdoo| kljkhu
lq ghyhorshg frxqwulhv,/ Qruwk0Vrxwk gl￿huhqfhv lq wkh uhodwlyh sulfh ri htxlsphqw duh hyhq
pruh surqrxqfhg1
Zkdw gr rxu wudgh0edvhg phdvxuhv ri htxlsphqw sulfhv lpso| iru surgxfwlylw| gl￿huhqfhvB
Xvlqj d vkduh ri fdslwdo ri 426 +vsolw htxdoo| ehwzhhq htxlsphqw dqg qrq0htxlsphqw fdslwdo,/
zh ￿qg wkdw gl￿huhqfhv lq wkh uhodwlyh sulfh ri htxlsphqw dffrxqw iru ryhu 58 shufhqw ri
surgxfwlylw| gl￿huhqfhv ehwzhhq ghyhorslqj dqg ghyhorshg frxqwulhv1 Zh dwwulexwh d elw ohvv
wkdq kdoi ri wklv 58 shufhqw wr gl￿huhqfhv lq rxu phdvxuh ri wkh sulfh ri htxlsphqw lwvhoi/ zlwk
wkh uhpdlqghu gxh wr gl￿huhqfhv lq wkh sulfh ri frqvxpswlrq jrrgv +dv phdvxuhg e| wkh Xqlwhg
Qdwlrqv Lqwhuqdwlrqdo Frpsdulvrqv Surjudpph/ LFS,1S
Zh surfhhg dv iroorzv= Vhfwlrq 5 ehorz od|v rxw wkh edvlf idfwv derxw surgxfwlrq/ wudgh/ dqg
sulfhv ri fdslwdo jrrgv wkdw zh vhhn wr h{sodlq1 Vhfwlrq 6 ghyhorsv d yhu| vw|ol}hg wzr0frxqwu|
prgho wr looxvwudwh krz wudgh lq fdslwdo jrrgv wkdw hperg| whfkqlfdo dgydqfhv fdq fdswxuh
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6pdq| ri wkhvh idfwv1 Vhfwlrq 7 dxjphqwv wkh prgho wr doorz iru pdq| frxqwulhv dqg lqfrpsohwh
vshfldol}dwlrq lq wkh surgxfwlrq ri fdslwdo jrrgv1 Wkh h{sdqghg prgho doorzv xv wr lqihu wkh
sulfhv ri fdslwdo jrrgv lq gl￿huhqw frxqwulhv dv uhyhdohg lq gdwd rq wudgh lq htxlsphqw1 Lq
Vhfwlrq 8/ zh fdofxodwh uhyhdohg htxlsphqw sulfhv/ frpsduh wkhp rwkhu phdvxuhv/ dqg h{soruh
wkhlu lpsolfdwlrqv iru surgxfwlylw|1 Vhfwlrq 9 frqfoxghv1
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Wr jhw dq ryhuylhz ri wkh joredo pdunhw iru fdslwdo htxlsphqw zh h{dplqh lqwhuqdwlrqdo gdwd rq
surgxfwlrq/ wudgh/ lqyhvwphqw/ dqg sulfhv1 Gluhfw phdvxuhv ri surgxfwlrq dqg wudgh lq fdslwdo
htxlsphqw duh qrw dydlodeoh/ vr zh dssur{lpdwh wkhp e| dvvrfldwlqj fdslwdo htxlsphqw zlwk
wkh rxwsxw ri wkh qrqhohfwulfdo htxlsphqw/ hohfwulfdo htxlsphqw/ dqg lqvwuxphqwv lqgxvwulhv1.
Dv iru phdvxuhv ri lqyhvwphqw dqg sulfhv/ zh gh￿qh htxlsphqw dv h{shqglwxuh e| surgxfhuv
rq gxudeoh htxlsphqw qhw ri wudqvsruwdwlrq htxlsphqw1 Wr surylgh d frpsdulvrq zlwk wkh
sdwwhuq ri surgxfwlrq dqg wudgh lq htxlsphqw/ zh kdyh dvvhpeohg gdwd rq surgxfwlrq dqg
wudgh iru wrwdo pdqxidfwxulqj dv zhoo1 Ghwdlov ri wkh gdwd frqvwuxfwlrq duh ghvfulehg lq wkh
Gdwd Dsshqgl{1
Zh irfxv rq gdwd iru 4<;8 dfurvv 67 frxqwulhv iru zklfk zh frxog pdwfk gdwd rq wudgh/
surgxfwlrq/ dqg LFS phdvxuhv ri wkh sulfh ri htxlsphqw dqg frqvxpswlrq jrrgv1 Wkh |hdu
4<;8 lv wkh prvw uhfhqw |hdu lq zklfk wkh sulfh phdvxuhv duh dydlodeoh iru d odujh qxpehu ri
frxqwulhv rxwvlgh ri wkh RHFG1H Dv vkrzq lq Wdeoh 4/ rxu vdpsoh lqfoxghv d pl{ ri vpdoo dqg
odujh frxqwulhv/ erwk ghyhorslqj dqg ghyhorshg1
Wkh odvw froxpq ri Wdeoh 4 vkrzv krz htxlsphqw surgxfwlrq +ydoxh dgghg ri wkh htxlsphqw
surgxflqj lqgxvwulhv dv d vkduh ri JGS, ydulhv gudpdwlfdoo|= iurp d orz ri 314 shufhqw lq
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7Pdodzl wr d kljk ri 4318 shufhqw lq Jhupdq|1 Iljxuh 5 vkrzv wkdw RHFG frxqwulhv surgxfh
pruh htxlsphqw/ rq dyhudjh/ dv d vkduh ri JGS1 +Rxwvlgh ri wkh RHFG/ dv phpehuvkls vwrrg
lq 4<;8/ rqo| Kxqjdu|/ Nruhd/ dqg \xjrvodyld surgxfhg pxfk htxlsphqw1b, Exw zlwklq wkh
RHFG wkh ghjuhh ri vshfldol}dwlrq lq htxlsphqw kdv vxusulvlqjo| olwwoh gr zlwk lqfrph dqg
uhodwhv pxfk pruh wr U)G dv d shufhqw ri JGS/ dv vkrzq lq Iljxuh 41
Wxuqlqj wr lqwhuqdwlrqdo wudgh lq htxlsphqw/ Iljxuh 6 sorwv qhw h{sruwv ri htxlsphqw +dv d
vkduh ri JGS, djdlqvw vshfldol}dwlrq lq htxlsphqw surgxfwlrq1 Wkh wzr duh kljko| fruuhodwhg1
Wkh U)G lqwhqvlyh frxqwulhv wkdw vshfldol}h lq htxlsphqw duh dovr wkh pdmru qhw h{sruwhuv ri
htxlsphqw1 Srru frxqwulhv duh qhw lpsruwhuv ri htxlsphqw1
Wdeoh 5 glvsod|v vrph edvlf vwdwlvwlfv derxw htxlsphqw lpsruwv1 Frpsdulqj wkh ￿uvw wzr
froxpqv/ zh vhh wkdw wkh lpsruw vkduh iru htxlsphqw +htxlsphqw lpsruwv dv d shufhqwdjh ri
htxlsphqw devruswlrq, jhqhudoo| h{fhhgv/ riwhq e| d vxevwdqwldo dprxqw/ wkh lpsruw vkduh
iru pdqxidfwxuhv dv d zkroh1 +Wkh rqh h{fhswlrq lv Mdsdq/ wkh frxqwu| zkrvh pdqxidfwxulqj
vhfwru lv prvw vnhzhg wrzdug htxlsphqw surgxfwlrq1, Htxlsphqw dsshduv wr eh d kljko| wudghg
fdwhjru| ri pdqxidfwxuhv1 Froxpq 7 vkrzv wkdw hdfk frxqwu| lpsruwv wkh ydvw pdmrulw| ri lwv
htxlsphqw iurp mxvw vhyhq odujh dqg ulfk surgxfhuv1￿f
Zkloh ghyhorslqj frxqwulhv jhqhudoo| lpsruw prvw ri wkhlu htxlsphqw/ wkhlu sxufkdvhv duh
qhyhuwkhohvv vwurqjo| eldvhg wrzdug grphvwlf surgxfhuv1 Wr h{dplqh wklv eldv dqg rwkhu jhr0
judsklf h￿hfwv/ zh jurxs frxqwulhv lqwr irxu eurdg uhjlrqv1 Wdeoh 6 surylghv vrph ghwdlo derxw
zkhuh hdfk frxqwu| sxufkdvhv htxlsphqw +iurp lwvhoi ru iurp rqh ri wkh vhyhq pdlq htxlsphqw
h{sruwhuv,1 Wkh jhrjudsklf h￿hfwv duh vwulnlqj1 Jhupdq| grplqdwhv wkh h{sruw ri htxlsphqw
wr doprvw doo Hxurshdq ghvwlqdwlrqv zkloh wkh Xqlwhg Vwdwhv dqg Mdsdq duh erwk pdmru vxssol0
huv wr wkh Sdfl￿f1 Lq Diulfd/ iruphu frorqldo dqg fxowxudo wlhv frqwlqxh wr sod| d uroh1 Nhq|d/
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8Pdodzl/ dqg Qljhuld ex| wkh prvw iurp wkh Xqlwhg Nlqjgrp/ zkloh Pdxulwlxv dqg Prurffr
lpsruw wkh prvw iurp Iudqfh1￿￿ Dv iru krph eldv/ qrwh wkdw rqo| vl{ frxqwulhv lpsruw pruh
htxlsphqw iurp dq| rqh ri wkh vhyhq elj h{sruwhuv wkdq wkh| sxufkdvh iurp wkhpvhoyhv1
Wdeoh 7 suhvhqwv phdvxuhv ri htxlsphqw lqyhvwphqw dqg sulfhv1 Wkh ￿uvw froxpq lv htxls0
phqw lqyhvwphqw lq orfdo sulfhv dv d vkduh ri JGS lq orfdo sulfhv1 Wkh lqyhvwphqw vkduh/
l1h1 wkh vdylqjv udwh dv lw dssolhv wr htxlsphqw/ ydulhv pxfk ohvv dfurvv frxqwulhv wkdq grhv
wkh htxlsphqw surgxfwlrq vkduh1 Wklv idfw vkrxog qrw frph dv d vxusulvh jlyhq wkh uhodwlrq0
vkls lq Iljxuh 6= Li wkh lqyhvwphqw vkduh ydulhg d orw/ zh zrxog qrw kdyh vhhq vxfk d vwurqj
frpryhphqw ehwzhhq htxlsphqw surgxfwlrq dqg qhw h{sruwv ri htxlsphqw1￿2
Dv Iljxuh 7 looxvwudwhv/ zkdw yduldwlrq wkhuh lv lq wkh htxlsphqw lqyhvwphqw vkduh glvsod|v
olwwoh uhodwlrqvkls wr d frxqwu|*v ohyho ri ghyhorsphqw1 Wkh zhoo0nqrzq srvlwlyh uhodwlrqvkls
ehwzhhq wkh uhdo lqyhvwphqw udwh dqg JGS shu fdslwd dulvhv iurp gl￿huhqfhv lq wkh uhodwlyh
sulfh ri lqyhvwphqw jrrgv1 Dv vkrzq lq Iljxuh 8/ wkh sulfh ri htxlsphqw uhodwlyh wr wkh sulfh
ri frqvxpswlrq jrrgv ehduv d vwulnlqj qhjdwlyh uhodwlrq wr JGS shu fdslwd1￿￿ Wkh wlph0vhulhv
dqdorj lv wkh idoo lq uhodwlyh sulfh ri htxlsphqw ryhu wlph grfxphqwhg e| Jrugrq +4<<3,1
Iru xqghuvwdqglqj wudgh lq fdslwdo htxlsphqw lw lv fuxfldo wr glvwlqjxlvk wkh sulfh ri htxls0
phqw iurp wkh uhodwlyh sulfh ri htxlsphqw +l1h1 wkh sulfh ri htxlsphqw uhodwlyh wr wkh sulfh
ri frqvxpswlrq,1 Dowkrxjk wkh uhodwlyh sulfh lv zkdw pdwwhuv iru frqyhuwlqj wkh vdylqjv udwh
lqwr d uhdo lqyhvwphqw udwh/ lw lv wkh sulfh ri lqyhvwphqw lwvhoi wkdw lv uhohydqw iru ghflglqj
zkhuh wr ex| htxlsphqw1 Wkh odvw wzr froxpqv ri Wdeoh 7 suhvhqw erwk wkh ghqrplqdwru dqg
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9qxphudwru ri wkh uhodwlyh sulfh ri htxlsphqw dv phdvxuhg e| wkh LFS1 Zkloh wkh uhodwlyh sulfh
ri htxlsphqw lv vxevwdqwldoo| orzhu lq ulfkhu frxqwulhv/ wkh uhsruwhg sulfh ri htxlsphqw lwvhoi
lv/ li dq|wklqj/ kljkhu lq vxfk frxqwulhv1 Iljxuh 9 looxvwudwhv1 Wkh LFS phdvxuh ri htxlsphqw
sulfhv fhuwdlqo| ydulhv dfurvv frxqwulhv/ exw wkh qxpehuv gr qrw vkrz wkdw lw lv v|vwhpdwlfdoo|
kljkhu lq wkh qhw lpsruwhuv wkdq lq wkh qhw h{sruwhuv ri htxlsphqw1 Wklv odvw uhvxow lv vxusulv0
lqj= Krph0eldv dqg uhjlrqdolvp vxjjhvw wkdw jhrjudsklf eduulhuv lq fdslwdo jrrgv wudgh duh
vxevwdqwldo/ zklfk zrxog qrupdoo| lpso| orzhu sulfhv lq h{sruwlqj frxqwulhv1￿e
Zh fdq vxppdul}h rxu glvfxvvlrq vr idu zlwk vhyhq dssduhqw idfwv h{wudfwhg iurp ydulrxv
gdwd vrxufhv=
41 Dffruglqj wr surgxfwlrq gdwd/ d vpdoo jurxs ri U)G lqwhqvlyh frxqwulhv duh wkh prvw
vshfldol}hg lq htxlsphqw surgxfwlrq1
51 Dffruglqj wr wudgh gdwd/ srru frxqwulhv lpsruw pxfk ri wkhlu htxlsphqw/ prvw ri zklfk
frphv iurp mxvw d ihz odujh h{sruwhuv1
61 Dffruglqj wr wudgh gdwd/ htxlsphqw lv wudghg pruh wkdq pdqxidfwxuhv dv d zkroh/ |hw
wklv wudgh vwloo glvsod|v krph eldv dqg rwkhu h￿hfwv ri jhrjudsk|1
71 Dffruglqj wr qdwlrqdo dffrxqwv/ lq orfdo sulfhv/ htxlsphqw lqyhvwphqw dv d vkduh ri JGS
vkrzv olwwoh uhodwlrq wr ghyhorsphqw1
81 Dffruglqj wr LFS phdvxuhv/ wkh sulfh ri htxlsphqw uhodwlyh wr wkh sulfh ri frqvxpswlrq
jrrgv ghfolqhv gudpdwlfdoo| zlwk ghyhorsphqw/ vr wkdw/ lq frpelqdwlrq zlwk idfw 7/ srru
frxqwulhv dsshdu wr kdyh d orzhu uhdo lqyhvwphqw udwh1
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:91 Dffruglqj wr Jrugrq +4<<3,/ wkh uhodwlyh sulfh ri htxlsphqw lq wkh Xqlwhg Vwdwhv kdv
ghfolqhg gudpdwlfdoo| ryhu wlph1
:1 Dffruglqj wr wkh LFS/ wkh sulfh ri htxlsphqw lwvhoi lv voljkwo| orzhu lq srru frxqwulhv1
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D vlpsoh prgho ri jurzwk dqg Qruwk0Vrxwk wudgh fdq fdswxuh lwhpv 4/ 5/ 7/ 8/ dqg 9 iurp rxu
olvw ri vhyhq deryh1 Zh zloo ghdo zlwk 6 e| lqfrusrudwlqj d pruh uhdolvwlf prgho ri wudgh lq
Vhfwlrq 71 Wkh odvw rqh/ zklfk uhpdlqv d sx}}oh iru hlwkhu prgho/ lv h{soruhg lq Vhfwlrq 81
Wkhuh duh wzr krprjhqrxv jrrgv= d fdslwdo jrrg N dqg d frqvxpswlrq jrrg F1Z h
doorz lqwhuqdwlrqdo wudgh lq erwk jrrgv exw/ iru vlpsolflw|/ uxoh rxw lqwhuqdwlrqdo eruurzlqj
ru ohqglqj1 Wr dffrxqw iru lqwhuqdwlrqdo sulfh gl￿huhqfhv/ zh lqwurgxfh wudgh iulfwlrqv lq wkh
irup ri lfhehuj frvwv= Iru jrrg o @ N>F wkh h{sruwhu pxvw vkls g, A 4 xqlwv lq rughu iru rqh
xqlw wr duulyh dw wkh h{sruw ghvwlqdwlrq1
Rxu vshfl￿fdwlrq ri surgxfwlrq whfkqrorjlhv lv prwlydwhg e| wkh idfw wkdw htxlsphqw sur0
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￿ ,> zkhuh T lv rxwsxw dqg I lv frqvwdqw uhwxuqv wr
vfdoh lq oderu O dqg fdslwdo N1 Wkh whup D￿ fdswxuhv fdslwdo jrrgv whfkqrorj|1 Zh jlyh wkh
Qruwk d whfkqrorjlfdo dgydqwdjh lq fdslwdo jrrgv e| vhwwlqj D￿ AD 71 +Wkh whfkqrorj| whup
D￿ frxog uh￿hfw hlwkhu wkh txdolw| ri wkh fdslwdo jrrgv wkdw frxqwu| l pdnhv ru lwv h￿flhqf|
lq surgxflqj fdslwdo jrrgv ri d jlyhq txdolw|1 Rxu odqjxdjh dgrswv wkh txdolw| lqwhusuhwdwlrq1
Xqghu wklv lqwhusuhwdwlrq fdslwdo lv dozd|v phdvxuhg lq h￿flhqf| xqlwv1,
Dw dq| prphqw wkhuh duh ￿{hg hqgrzphqwv ri oderu O￿ @ Og
￿ . O￿
￿ dqg fdslwdo N￿ @
Ng
￿ .N￿
￿ iru l @ Q>V1 +Wkh wrwdo fdslwdo vwrfn uh￿hfwv wkh klvwru| ri fdslwdo jrrgv sxufkdvhv/
wdnlqj lqwr dffrxqw wkh txdolw| ri hdfk ylqwdjh dqg vxevhtxhqw ghsuhfldwlrq/ zklfk zh wxuq wr
lq Vhfwlrq 6151,
Vlqfh wkhuh lv qrw vwurqj hylghqfh wr wkh frqwudu|/ zh pdnh wkh vlpsoli|lqj dvvxpswlrq wkdw
;I lv frpprq dfurvv vhfwruv dqg frxqwulhv1 Wkh dsshqgl{ uhsruwv wkdw wkh oderu vkduh lq ydoxh
dgghg lv voljkwo| kljkhu lq wkh htxlsphqw vhfwruv wkdq lq rwkhu pdqxidfwxulqj lqgxvwulhv1 Li
dq|wklqj/ wklv idfwru lqwhqvlw| zrxog lpso| d gluhfwlrq ri wudgh rssrvlwh wr zkdw zh revhuyh1￿D
 
Zh zdqw wkh prgho wr fdswxuh wkh revhuydwlrq wkdw surgxfwlrq ri fdslwdo jrrgv lv frqfhqwudwhg
lq ulfk frxqwulhv/ |hw wkhvh frxqwulhv dovr hqjdjh lq rwkhu dfwlylwlhv1 Wkxv/ zh irfxv rq wkh
htxloleulxp lq zklfk wkh Vrxwk vshfldol}hv lq F zkloh wkh Qruwk surgxfhv erwk jrrgv/ h{sruwlqj
wkh fdslwdo jrrg N dqg lpsruwlqj wkh frqvxpswlrq jrrg F1 Lq rughu wr surylgh h{solflw
frqglwlrqv iru wklv sdwwhuq ri vshfldol}dwlrq wr hphujh dv dq htxloleulxp rxwfrph zh qhhg wr
vshfli| wkh ghpdqg vlgh ri wkh prgho1 Wklv lq wxuq uhtxluhv xv wr vshfli| wkh ehkdylru ri wkh
hfrqrp| ryhu wlph/ zklfk zh gr lq wkh qh{w vhfwlrq1
Zh dvvxph shuihfw frpshwlwlrq lq wkh rxwsxw pdunhw/ wkh oderu pdunhw/ dqg wkh uhqwdo
pdunhw iru fdslwdo1 Zh fdq wkhq hdvlo| vroyh iru sulfhv1 Xvlqj wkh F jrrg lq wkh Vrxwk
dv qxphudluh/ S￿
7 @ 41 Vlqfh wkh Qruwk lpsruwv F iurp wkh Vrxwk/ lwv sulfh rq duulydo lv
S￿
￿ @ g￿1 Vlqfh wkh Qruwk lv lqfrpsohwho| vshfldol}hg dqg wkh fdslwdo jrrg lv surgxfhg lq
txdqwlw| D￿ xvlqj wkh vdph exqgoh ri lqsxwv wkdw zrxog surgxfh d xqlw ri F/ lw iroorzv
wkdw Sg
￿ @ S￿
￿@D￿ @ g￿@D￿1 Vlqfh wkh Vrxwk lpsruwv wkh fdslwdo jrrg/ Sg
7 @ ggSg
￿ @
ggg￿@D￿1 Khqfh lq frpelqdwlrq wkh wzr wudgh iulfwlrqv ohdyh wkh Vrxwk idflqj d kljkhu
uhodwlyh sulfh ri htxlsphqw1￿S
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<Vlqfh wkh Vrxwk pdnhv rqo| F> lwv lqfrph lv vlpso|=
\7 @ I+N7>O 7,@O7i+n7,>
zkhuh n￿ @ N￿@O￿ dqg i+n,@I+N@O>4,1 Lq wkh Qruwk/ e| frvw plqlpl}dwlrq/ hdfk vhfwru zloo






Wkh udwlr ri qdwlrqdo lqfrphv \￿@\7 fruuhvsrqgv wr wkh udwlr ri qdwlrqdo0fxuuhqf| JGS*v
wudqvodwhg lqwr d frpprq fxuuhqf| xvlqj wkh h{fkdqjh udwh1 Li sulfh ohyhov dqg frxqwu| vl}hv
gl￿hu/ lw lv pruh phdqlqjixo wr frpsduh JGS diwhu glylglqj e| hdfk frxqwu|*v srsxodwlrq dqg
lwv sulfh iru wkh frqvxpswlrq jrrg= |￿ @ +\￿@S￿
￿ ,@O￿ @ i+n￿, iru l @ Q>V1 Wklv phdvxuh ri
uhdo rxwsxw shu fdslwd fruuhvsrqgv wr uhdo JGS shu fdslwd lq lqwhuqdwlrqdo sulfhv dv fdofxodwhg
e| Vxpphuv dqg Khvwrq +4<<4,1￿.
Dv lw vwdqgv/ wkh prgho lv frqvlvwhqw zlwk d qxpehu ri revhuydwlrqv= +l, h{sruwv ri fdslwdo
jrrgv iurp Qruwk wr Vrxwk/ +ll, d kljkhu uhodwlyh sulfh ri fdslwdo Sg
￿ @S￿
￿ lq wkh Vrxwk +e| wkh
idfwru ggg￿,/d q g+lll, d kljkhu devroxwh sulfh ri wkh F jrrg lq wkh Qruwk +e| wkh idfwru g￿,1
Wkh prgho dovr suhglfwv d kljkhu devroxwh sulfh ri fdslwdo lq wkh Vrxwk +e| wkh idfwru gg,1D v
glvfxvvhg hduolhu/ wkh LFS gdwd lq Iljxuh 9 duh dw rggv zlwk wklv odvw suhglfwlrq1 Zh uhwxuq wr
wklv srlqw lq Vhfwlrq 81
 
Vr idu zh kdyh ghvfulehg wkh zruog hfrqrp| dw dq| prphqw/ wdnlqj dv jlyhq fdslwdo vwrfnv
lq hdfk frxqw| +dqg srvlwlqj dq htxloleulxp lq zklfk wkh Qruwk surgxfhv erwk jrrgv zkloh
wkh Vrxwk ex|v doo lwv fdslwdo iurp wkh Qruwk,1 Zh qrz wxuq wr krz wklv hfrqrp| hyroyhv
ryhu wlph lq rughu wr hqgrjhql}h fdslwdo vwrfnv +dqg dovr fkhfn zkhq rxu dvvxphg sdwwhuq ri
vshfldol}dwlrq lv dq htxloleulxp rxwfrph,1
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43Lqyhvwphqw dqg ghsuhfldwlrq jryhuq wkh hyroxwlrq ri wkh fdslwdo vwrfn dffruglqj wr wkh
htxdwlrq
￿
N￿|@ L￿| ￿ ￿N￿|> zkhuh L lv lqyhvwphqw dqg ￿ wkh ghsuhfldwlrq udwh1 Vshqglqj rq
fdslwdo jrrgv lv Sg
￿| L￿|= Wkh gulylqj irufh iru orqj0whup jurzwk lv whfkqlfdo surjuhvv lq wkh
surgxfwlrq ri fdslwdo/ zklfk orzhuv Sg
￿| ryhu wlph1 +Zh dvvxph wkdw oderu irufhv O dqg lfhehuj
jhrjudsklf eduulhuv g gr qrw fkdqjh ryhu wlph/ wkh vhfrqg lpso|lqj wkdw wudgh iulfwlrqv hdw xs
d frqvwdqw vkduh ri idfwru vhuylfhv,1
Zh dvvxph wkdw whfkqrorjlfdo fkdqjh surfhhgv dw d frqvwdqw udwh lq wkh Qruwk/ vr wkdw
b D￿@D￿ @ jA3= +Wr vxvwdlq wkh Qruwk*v whfkqrorjlfdo ohdg/ zh uhvwulfw b D7@D7 ￿ j1, Wudgh
wkxv hqvxuhv wkdw wkh uhodwlyh sulfh ri wkh fdslwdo jrrg Sg
￿| @S￿
￿ idoov dw udwh j lq erwk wkh
Qruwk dqg wkh Vrxwk/ zlwk wkh ohyho uhpdlqlqj kljkhu lq wkh Vrxwk1
Zh dqdo|}h wkh vwhdg| vwdwh ri wkh prgho lq zklfk frqvxpswlrq hyhu|zkhuh jurzv dw wkh
vdph udwh j+ dv lqfrph1 Vlqfh zh kdyh edodqfhg wudgh +qr lqwhuqdwlrqdo eruurzlqj ru ohqglqj,/
lw iroorzv iurp wkh qdwlrqdo lqfrph lghqwlw| wkdw h{shqglwxuh rq lqyhvwphqw pxvw dovr jurz dw
udwh j+= Vlqfh wkh sulfh ri fdslwdo idoov dw udwh j/ uhdo lqyhvwphqw dqg wkh fdslwdo vwrfn jurz dw
udwh j+ . j1 Dvvxplqj d Free0Grxjodv surgxfwlrq ixqfwlrq i+n, @ nk +zkhuh ￿ lv fdslwdo*v
vkduh,/ j+ @ ￿+j+ . j, ru j+ @ k
￿3kj1
Pdnlqj wkh Vrorz dvvxpswlrq wkdw hdfk frxqwu| vshqgv d iudfwlrq v￿ ri lwv lqfrph rq























Vlqfh wkh uhodwlyh sulfh ri fdslwdo Sg
￿| @S￿
￿ lv kljkhu lq wkh Vrxwk e| d idfwru ri g￿gg> lwv lqfrph




jlyhq htxdo vdylqjv udwhv v= Lq erwk wkh Qruwk dqg wkh
Vrxwk wkh uhodwlyh sulfh ri fdslwdo Sg
￿| @S￿
￿ lv idoolqj dw udwh j> jhqhudwlqj wkh vdph jurzwk udwh
44ri lqfrph lq hdfk1￿H





zkhuh ￿￿ lv wkh glvfrxqw udwh lq frxqwu| l dqg F￿| lv frqvxpswlrq lq frxqwu| l dw wlph w= Lq
wklv fdvh zh fdq uhodwh wkh vwhdg|0vwdwh vdylqjv udwh wr xqghuo|lqj sdudphwhuv ri suhihuhqfhv












Li glvfrxqw idfwruv duh wkh vdph dfurvv frxqwulhv vr duh vdylqjv udwhv1
Dvvxplqj vlplodu vdylqjv udwhv/ wkh prgho fdq qrz fdswxuh vrph dgglwlrqdo revhuydwlrqv=
+l, wkh Qruwk lv ulfkhu wkdq wkh Vrxwk/ +ll, wkh uhodwlyh sulfh ri fdslwdo idoov ryhu wlph/ +lll,
frxqwulhv jurz lq sdudooho +l1h1 srru frxqwulhv gr qrw jhqhudoo| jurz hlwkhu idvwhu ru vorzhu,/
+ly, uhdo lqyhvwphqw udwhv/ L￿|@+\￿|@S￿
￿ , @ v￿S￿
￿ @Sg
￿| / duh kljkhu lq ulfk frxqwulhv hyhq wkrxjk
vdylqjv udwhv duh vlplodu1￿b
Htxdwlrq +4, pdnhv h{solflw wkh glvwlqfwlrq ehwzhhq wkh vdylqjv udwh dqg wkh uhdo lqyhvwphqw
udwh1 Lq wklv prgho/ dqg lq wkh gdwd/ lw lv gl￿huhqfhv lq wkh uhodwlyh sulfh ri fdslwdo/ qrw
gl￿huhqfhv lq wkh vdylqjv udwh/ wkdw gulyh wkh fruuhodwlrq ehwzhhq rxwsxw shu fdslwd dqg wkh
uhdo lqyhvwphqw udwh12f
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Dowkrxjk lw fdswxuhv prvw ri wkh edvlf idfwv/ d sureohp lq wdnlqj wkh wh{werrn prgho wr wkh
gdwd lv lwv idloxuh wr h{sodlq zk| frxqwulhv ex| fdslwdo jrrgv iurp d ydulhw| ri vrxufhv1 Zkloh
h{sruwv ri fdslwdo jrrgv duh frqfhqwudwhg dprqj d vpdoo qxpehu ri vrxufhv/ frxqwulhv vwloo ex|
fdslwdo jrrgv iurp d zlgh udqjh ri frxqwulhv/ lqfoxglqj wkhpvhoyhv1 Wkh reylrxv h{sodqdwlrq
lv wkdw fdslwdo jrrgv duh lq idfw kljko| khwhurjhqhrxv1 Lq rughu wr wdnh wklv khwhurjhqhlw| lqwr
dffrxqw zh iroorz wkh iudphzrun zh ghyhorshg lq Hdwrq dqg Nruwxp +5333,1 Lw wxuqv rxw
wkdw wklv dssurdfk doorzv xv wr lqihu vrphwklqj derxw wkh sulfh ri fdslwdo jrrgv lq gl￿huhqw
frxqwulhv iurp zkhuh wkh| ex| dqg vhoo wkhp1
Lq dgglqj wklv juhdwhu ghwdlo wr wkh fdslwdo jrrgv vhfwru zh vlpsoli| wkh dqdo|vlv e| wuhdwlqj
furvv0frxqwu| yduldwlrq lq frqvxpswlrq jrrgv sulfhv dv jlyhq1 Kdylqj vroyhg iru zkdw jrhv rq
lq wkh fdslwdo jrrgv vhfwru zh fdq uhwxuq wr wkh wh{werrn prgho wr frqvlghu wkh lpsolfdwlrqv
iru oderu surgxfwlylw|1
  !" #
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Zh dvvxph wkdw wkhuh duh d frqwlqxxp ri w|shv ri fdslwdo jrrgv lqgh{hg e| m 5 ^3>4‘= Wkh
dydlodeoh fdslwdo vhuylfhv ri hdfk w|sh m> zklfk zh ghqrwh N|+m,> uh￿hfwv wkh klvwru| ri sxufkdvhv
ri w|sh m fdslwdo e| gdwh w/ wdnlqj lqwr dffrxqw wkh txdolw| ri hdfk ylqwdjh dqg vxevhtxhqw







zkhuh ￿A3 lv wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq wkh vhuylfhv ri gl￿huhqw w|shv ri fdslwdo1
Zh dvvxph wkdw dw dq| wlph w d frxqwu| fdq ex| fdslwdo ri w|sh m i u r pd q |r idq x p e h ur i
vrxufhv1 Frxqwu| l 5i 4>===>Qj surylghv fdslwdo ri w|sh m zlwk txdolw| }￿|+m, dw d surgxfwlrq
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46frvw f￿1+ Q r zQ uhsuhvhqwv wkh qxpehu ri frxqwulhv dqg zh vzlwfk wr xvlqj surgxfwlrq frvwv lq
frxqwu| Q dv qxphudluh/ wuhdwlqj uhodwlyh frvwv dv frqvwdqw ryhu wlph1, Zh frqwlqxh wr dvvxph
wkdw wkhuh duh frvwv wr jhwwlqj wkh fdslwdo jrrg xs dqg uxqqlqj lq d iruhljq ghvwlqdwlrq/
wuhdwlqj wkhp dv lfhehuj frvwv wkdw duh frqvwdqw ryhu wlph1 Gholyhulqj rqh xqlw ri wkh jrrg
lq ghvwlqdwlrq q uhtxluhv vklsslqj g?￿ ￿ 4 xqlwv iurp vrxufh l/ qrupdol}lqj g￿￿ @4 = +Vlqfh zh
qrz wuhdw wkh sulfh ri frqvxpswlrq jrrgv S￿
￿ d vj l y h qz hq ro r q j h uq h h gg￿= Zh wkxv gurs
wkh N vxshuvfulsw rq wkh gg*v1,
Ex|lqj fdslwdo jrrg m iurp frxqwu| l> frxqwu| q idfhv d frvw sg
?￿|+m, @ f￿g?￿@}￿|+m, shu
txdolw| xqlw ri fdslwdo1 Exw zlwk shuihfw frpshwlwlrq lw zrxog dfwxdoo| ex| jrrg m rqo| iurp
wkh vrxufh wkdw surylghv wkh orzhvw h￿hfwlyh frvw/ sg
?|+m, @ plq￿isg
?￿|+m,j12￿
Lq jhqhudo/ fdofxodwlqj wklv plqlpxp dfurvv d qxpehu ri srwhqwldo vrxufhv lv dqdo|wlfdoo|
lqwudfwdeoh1 Wr surfhhg/ zh dvvxph wkdw wkh txdolwlhv }￿|+m, duh uhdol}dwlrqv ri udqgrp yduldeohv
}￿ gudzq lqghshqghqwo| iurp wkh h{wuhph0ydoxh glvwulexwlrq=
Su^}￿ ￿ }‘ @ h{s+￿W￿|}3w,=
Khuh W￿| ￿ 3 uhsuhvhqwv wkh vwrfn ri whfkqrorjlfdo nqrzohgjh lq frxqwu| l dffxpxodwhg e| wlph
w/ zklfk udlvhv wkh ryhudoo ohyho ri txdolw|> ￿ ￿4 uh￿hfwv +lqyhuvho|, wkh yduldelolw| ri txdolw|1
Zh dvvxph wkdw wklv vwrfn ri nqrzohgjh jurzv lq hdfk frxqwu| dw d frqvwdqw udwh jA A 31
+Khqfh W￿ sod|v d uroh vlplodu wr D￿ lq wkh wh{werrn prgho/ h{fhsw W￿ jryhuqv d frxqwu|*v
dyhudjh txdolw| dfurvv wkh udqjh ri fdslwdo jrrgv/ qrw lwv dfwxdo txdolw| iru hdfk jrrg1, Zkloh
wkh djhqwv lq wkh hfrqrp| pdnh wkhlu ghflvlrqv edvhg rq uhdol}hg ydoxhv/ zh qhhg wr nhhs wudfn
rqo| ri wkh prphqwv ri wkh glvwulexwlrq iurp zklfk wkh| duh gudzq1
Xqghu rxu dvvxpswlrq derxw wkh }*v/ wkh frvw lq frxqwu| q ri ex|lqj jrrg m iurp frxqwu|
l lv gudzq iurp wkh glvwulexwlrq=
Su^sg
?￿| ￿ s‘ @4￿ h{s+￿W￿|f3w
￿ g3w
?￿ sw,=
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47Wkh plqlpxp dfurvv doo srvvleoh vrxufhv l lv frqvhtxhqwo| gudzq iurp=
Su^sg








Dv zh vkrz qh{w/ wkh sdudphwhu ￿?| uhodwhv erwk wr wkh sulfh lqgh{ iru fdslwdo jrrgv lq frxqwu|
q d q gw rf r x q w u |q*v lpsruw vkduhv/ surylglqj d olqn ehwzhhq wkh wzr1
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Zlwk wkh khwhurjhqhlw| ri fdslwdo jrrgv doo ghvfulehg lq whupv ri glvwulexwlrqv/ zh fdq qrz
djjuhjdwh ryhu w|shv wr rewdlq uhvxowv iru djjuhjdwhv1 Dvvxplqj ￿A￿￿ 4/ wkh h{dfw sulfh





zkhuh ￿ lv d frqvwdqw122
Wklv h{suhvvlrq vkrzv krz wkh vwdwhv ri whfkqrorj| dqg surgxfwlrq frvwv lq frxqwulhv
zkhuh q ex|v lwv fdslwdo jrrgv/ dqg wkh frvw ri ryhufrplqj jhrjudsklf eduulhuv/ wudqvodwh lqwr
dq h￿hfwlyh sulfh lqgh{ iru fdslwdo lq frxqwu| q1 Wkh iudfwlrq ri wkh frqwlqxxp ri fdslwdo jrrgv







frxqwu| l*v vkduh lq ￿?|1 +Vlqfh W*v doo jurz dw wkh vdph udwh/ wudgh vkduhv duh frqvwdqw ryhu
wlph1,
Dv zh vkrz lq Hdwrq dqg Nruwxp +5333,/ wkh sulfh lqgh{ Sg
?| dssolhv qrw rqo| wr doo fdslwdo
jrrgv lq frxqwu| q> lw dovr dssolhv wr zkdw frxqwu| q ex|v iurp hdfk vrxufh l= +Vrxufhv wkdw
duh pruh dgydqfhg/ orzhu frvw/ ru forvhu h{sorlw wkhlu dgydqwdjh e| vhoolqj d zlghu udqjh ri
22￿t t￿L￿? ￿? ,@|L? @?_ kLh|￿4 E2fff￿c ￿ ’ dKEEw n￿3 j￿*w￿o
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48jrrgv/ vr wkdw lq wkh hqg wkh frvwv ri wkhlu jrrgv kdyh wkh vdph glvwulexwlrqv dv dq| rwkhuv1,
Wklv uhvxow doorzv xv wr htxdwh ￿?￿ wr wkh vkduh ri fdslwdo surgxfhg lq frxqwu| l lq q*v wrwdo
h{shqglwxuhv rq fdslwdo jrrgv1
Li frxqwu| q doorfdwhv d vkduh v? ri lwv lqfrph wrzdug sxufkdvlqj qhz fdslwdo jrrgv/ lwv
h{shqglwxuh rq fdslwdo jrrgv dw wlph w lv=
[g
?| @ v?\?|=





Zh wuhdw v? dv frqvwdqw ryhu wlph/ exw doorz lw wr ydu| dfurvv frxqwulhv1 +Dv lq rxu wh{werrn
prgho/ yduldwlrq dfurvv frxqwulhv lq wkh vdylqjv udwh zrxog eh wkh uhvxow ri gl￿huhqfhv lq wkh
glvfrxqw udwh1, Wkh sulfh lqgh{ ri fdslwdo Sg
?| lv qrz jlyhq e| +5,1 Lq d vwhdg| vwdwh wkh sulfh
ri fdslwdo idoov dw udwh j @ jA@￿/ wkh vdph j dv lq wkh wh{werrn prgho/ rqo| qrz uhihuulqj
wr dq dyhudjh ryhu d frqwlqxxp ri fdslwdo jrrgv1 Wdnlqj yduldwlrq dfurvv frxqwulhv lq wkh
sulfh S￿
? ri wkh F jrrg dv jlyhq/ zh fdq vwloo dsso| htxdwlrq +4, iurp wkh wh{werrn prgho
deryh1 Khqfh wkh h{sdqghg prgho fdq uhsolfdwh wkh vw|ol}hg idfwv deryh zlwkrxw lqvlvwlqj
rq frpsohwh vshfldol}dwlrq dq|zkhuh1 Ixuwkhupruh/ wkh wudgh frvw sdudphwhuv g?￿ hqdeoh wkh






Zh edvh rxu hpslulfdo lpsohphqwdwlrq ri wkh prgho rq wkuhh htxdwlrqv soxfnhg iurp deryh1
+Lq zkdw iroorzv zh gurs wlph vxevfulswv vlqfh zh zloo dozd|v eh dsso|lqj wkh prgho wr d furvv0
vhfwlrq ri revhuydwlrqv lq 4<;81, Wkh ￿uvw olqnv lpsruw vkduhv ri fdslwdo jrrgv wr whfkqrorjlhv/

































Lq frpelqdwlrq/ wkhvh htxdwlrqv eulqj rxw wkh uroh ri wudgh lq frqyh|lqj wkh h{sruwhu*v whfk0
qrorjlfdo surzhvv wr wkh lpsruwhu lq wkh irup ri orzhu fdslwdo jrrgv sulfhv12￿
Rxu hpslulfdo vwudwhj| lv dv iroorzv= Iluvw zh xvh htxdwlrqv +7, dqg +8, wr lqihu zkdw zh
fdq iurp wudgh gdwd derxw krz fdslwdo jrrgv sulfhv ydu| dfurvv frxqwulhv1 Wkhq zh xvh +9, wr
h{dplqh wkh uhodwlrqvkls ehwzhhq wkh orj ri surgxfwlylw| dqg wkh orj ri wkh lqihuuhg sulfh ri
fdslwdo jrrgv vhulhv/ diwhu h{suhvvlqj lw uhodwlyh wr wkh sulfh ri frqvxpswlrq jrrgv1
Lw pd| dsshdu vrphzkdw pdjlfdo +ru vxvslflrxv, wkdw zh fdq lqihu dq|wklqj derxw wkh sulfh
ri fdslwdo jrrgv vlpso| iurp gdwd rq wudgh yroxphv1 Wkhuh duh wzr wudgh udwlrv wkdw lqglfdwh
orz fdslwdo jrrgv sulfhv lq frxqwu| l1 Iluvw/ revhuylqj frxqwu| l zlwk elj pdunhw vkduhv durxqg
wkh zruog lqglfdwhv wkdw l lv d frpshwlwlyh vxssolhu ri fdslwdo jrrgv1 Lw vkrxog wkhuhiruh eh
deoh wr vxsso| lwv grphvwlf pdunhw dw d orz sulfh1 Vhfrqg/ revhuylqj frxqwu| l lpsruwlqj d orw
uhodwlyh wr krph sxufkdvhv lqglfdwhv wkdw l kdv qrw huhfwhg frvwo| eduulhuv wr lpsruwhg fdslwdo
jrrgv1 Hlwkhu lqglfdwru rq lwv rzq frxog eh plvohdglqj1 Iru h{dpsoh/ li frxqwu| l lv d odujh
surgxfhu ri fdslwdo jrrgv lw pd| dsshdu forvhg vlpso| ehfdxvh lw kdv ohvv qhhg wr lpsruw1 Exw
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4:wkh wzr lqglfdwruv wrjhwkhu doorz xv wr zhljkw wkh urohv ri frpshwlwlyhqhvv dqg rshqqhvv wr
lqihu sulfhv1
Dq duwl￿fldo h{dpsoh khosv irupdol}h wklv lqwxlwlrq1 Vd| wkdw wkhuh duh qr wudgh eduulhuv lq
vhoolqj wr frxqwu| Q=+l1h1/ g￿￿ @ 4 iru doo l,= Lq wklv fdvh +7, lpsolhv wkdw frxqwu| l*v h{sruw vkduh
lq Q lv [g
￿￿@[g
￿ @ W￿f3w






















Zh fdq lqihu wkh gluhfwlrq ri sulfh yduldwlrq iurp frxqwulhv* lpsruw vkduhv pxowlsolhg e| wkhlu
pdunhw vkduhv lq frxqwu| Q1 Wr lqihu wkh dpsolwxgh ri wkh yduldwlrq zh qhhg wr wdnh d vwdqg
rq wkh sdudphwhu ￿1
Ri frxuvh/ lq dfwxdo sudfwlfh wkhuh lv qr vxfk lpsduwldo frxqwu| Q> dv lq rxu h{dpsoh1 Exw
e| hvwlpdwlqj d vlpsoh htxdwlrq iru elodwhudo wudgh lq fdslwdo jrrgv zh fdq dfklhyh hvvhqwldoo|




Zh ehjlq e| vkrzlqj krz zh fdq hvwlpdwh htxdwlrq +7,1 Qh{w zh vkrz krz wkh sdudphwhu
hvwlpdwhv/ zkhq vxevwlwxwhg lqwr htxdwlrq +8,/ kdyh lpsolfdwlrqv iru fdslwdo htxlsphqw sulfhv/
zklfk zh frpsduh zlwk LFS phdvxuhv ri wkrvh sulfhv1 Ilqdoo|/ zh wdnh wkh wudgh0edvhg phdvxuh
ri htxlsphqw sulfhv/ dorqj zlwk LFS phdvxuhv ri frqvxpswlrq jrrgv sulfhv dqg lqyhvwphqw
udwhv/ dqg ihhg wkhp lqwr htxdwlrq +9,1 Wkh uhvxow lv d suhglfwlrq derxw wkh uroh ri fdslwdo



















4;Zh kdyh revhuydwlrqv rq wkh ohiw0kdqg vlgh yduldeoh iru 4455 frxqwu| sdluv1 +Revhuydwlrqv ri
{g
?￿ iru q @ l duh qrw lqirupdwlyh1,
Wr vshfli| wkh uljkw0kdqg vlgh zh surfhhg dv iroorzv= Zh gh￿qh V￿ @o qW￿ ￿￿oqf￿ wr jhw=
{g
?￿ @ V￿ ￿ V? ￿ ￿oqg?￿= +<,
Khuh V￿ lqglfdwhv frxqwu| l*v _frpshwlwlyhqhvv% lq htxlsphqw surgxfwlrq/ l1h1 lwv vwdwh ri
whfkqrorj| dgmxvwhg iru lwv lqsxw frvwv1 Zh fdswxuh wkh V￿ dv wkh frh￿flhqwv rq h{sruw0frxqwu|
gxpplhv1
Wr kdqgoh wkh g?￿*v zh xvh sur{lhv iru jhrjudsklf eduulhuv vxjjhvwhg e| wkh judylw| olwhud0
wxuh1 Lq sduwlfxodu/ zh uhodwh wkh lpshglphqwv lq prylqj jrrgv iurp l wr q wr sur{lplw| dqg
odqjxdjh1 Vlqfh g?? @4 /z hk d y h /i r ud o ol 9@ q=
oqg?￿ @ g& . e . o . p? . ￿?￿>
zkhuh wkh gxpp| yduldeoh dvvrfldwhg zlwk hdfk h￿hfw kdv ehhq vxssuhvvhg iru qrwdwlrqdo
vlpsolflw|1 Khuh g& +n @4 >===>9, lv wkh h￿hfw ri wkh glvwdqfh ehwzhhq q dqg l o|lqj lq wkh
nwk lqwhuydo/ e lv wkh h￿hfw ri q dqg l vkdulqj d erughu/ o lv wkh h￿hfw ri q dqg l vkdulqj d
odqjxdjh/ dqg p? +q @4 >===>67, lv dq ryhudoo ghvwlqdwlrq h￿hfw1 Wkh huuru whup ￿?￿ fdswxuhv
jhrjudsklf eduulhuv dulvlqj iurp doo rwkhu idfwruv1 Wkh vl{ glvwdqfh lqwhuydov +lq plohv, duh=
^3/6:8,> ^6:8/:83,> ^:83/4833,> ^4833/6333,> ^6333/9333,>d q g^9333/pd{lpxp‘1 Zh dvvxph wkdw
wkh huuru ￿?￿ lv ruwkrjrqdo wr wkh rwkhu uhjuhvvruv +vrxufh frxqwu| gxpplhv dqg wkh sur{lhv
iru jhrjudsklf eduulhuv olvwhg deryh,12e
Lpsrvlqj wklv vshfl￿fdwlrq ri jhrjudsklf eduulhuv/ htxdwlrq +<, ehfrphv=
{g
?￿ @ V￿ ￿V? ￿ ￿p? ￿￿g& ￿ ￿e￿ ￿o . ￿￿?￿= +43,
Dq lvvxh lq hvwlpdwlqj htxdwlrq +43, lv krz wr kdqgoh revhuydwlrqv lq zklfk {g
?￿ lv qrw uhsruwhg/
zklfk rffxuv zlwk derxw rqh0irxuwk ri wkh elodwhudo sdluv1 Wkh devhqfh ri d uhsruwhg ydoxh
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4<frxog uh￿hfw }hur wudgh/ d ohyho idoolqj ehorz vrph wkuhvkrog/ ru d fkrlfh e| dq lpsruwhu wr
uhsruw rqo| gdwd djjuhjdwhg ryhu vhyhudo vrxufhv12D Zh dvvxph wkdw hdfk lpsruwhu kdv d
wkuhvkrog ohyho ri lpsruwv ehorz zklfk lw grhv qrw vhsdudwho| uhsruw d frxqwu| dv d vrxufh ri
dq| ri lwv lpsruwv1 Zh wkhuhiruh hvwlpdwh wkh prgho dv d Wrelw/ zlwk lpsruw0frxqwu| vshfl￿f
fhqvrulqj srlqwv ￿?1 Vlqfh zh gr qrw revhuyh ￿? gluhfwo|/ zh xvh wkh pd{lpxp olnholkrrg
hvwlpdwru/ e ￿? @p l q ￿i{g
?￿j/ zkhuh iru hdfk lpsruwhu q wkh plqlpxp lv wdnhq ryhu doo vrxufhv
l dsshdulqj lq wkh gdwd1
Wdeohv 8/ 9/ dqg : vkrz wkh uhvxowv ri wkh Wrelw hvwlpdwlrq ri htxdwlrq +43,/ erwk iru wrwdo
pdqxidfwxuhv dqg iru htxlsphqw wudgh12S Wkh sdudphwhu hvwlpdwhv duh xvhixo sulpdulo| dv dq
lqwhuphgldwh lqsxw iru lqihuulqj sulfh gl￿huhqfhv1 Qrqhwkhohvv/ wkh| duh ri vrph lqghshqghqw
lqwhuhvw1
Iru rqh wklqj/ wkh| surylgh lqvljkw lqwr zk| htxlsphqw lv wudghg pruh wkdq pdqxidfwxuhv
dv d zkroh/ dv vkrzq lq Wdeoh 51 Rq wkh rqh kdqg/ wkh jhrjudsk| sdudphwhuv wkhpvhoyhv duh
txlwh vlplodu ehwzhhq wrwdo pdqxidfwxuhv dqg htxlsphqw1 Rq wkh rwkhu kdqg/ h{sruwhu frp0
shwlwlyhqhvv V￿ ydulhv dfurvv frxqwulhv pxfk pruh iru htxlsphqw wkdq iru wrwdo pdqxidfwxuhv1
Khqfh htxlsphqw lv wudghg pruh qrw ehfdxvh jhrjudsklf eduulhuv duh zhdnhu/ exw ehfdxvh wkh
irufhv ri frpsdudwlyh dgydqwdjh duh vwurqjhu1
Wkh hvwlpdwhg lpsruwhu0vshfl￿f eduulhuv uhsruwhg lq Wdeoh : wxuq rxw wr sod| d pdmru uroh
lq jhqhudwlqj gl￿huhqfhv lq wkh sulfh ri htxlsphqw dfurvv frxqwulhv wkdq jhrjudsk| lwvhoi= Wkh
udqjh ri yduldwlrq lq g ￿p? +441;8/ dwwdlqhg ehwzhhq Jhupdq| dqg Hj|sw, h{fhhgv wkh udqjh
lq yduldwlrq jhqhudwhg e| glvwdqfh dqg odqjxdjh +71</ dwwdlqhg e| wkh gl￿huhqfh ehwzhhq d
frxqwu| sdlu vhsdudwhg e| wkh odujhvw glvwdqfh dqg ehwzhhq d frxqwu| sdlu vhsdudwhg e| wkh
vpdoohvw glvwdqfh dqg vkdulqj d odqjxdjh,1
Rxu sxusrvh lq wklv sdshu lv qrw wr h{sodlq wkh ghwhuplqdqwv ri furvv0frxqwu| gl￿huhqfhv
lq eduulhuv wr htxlsphqw lpsruwv1 Krzhyhu/ wr jhw vrph vhqvh ri zkdw pljkw eh gulylqj wkhvh
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53gl￿huhqfhv zh ￿qg lw zruwkzkloh wr uhodwh wkhp wr wzr rwkhu frxqwu| fkdudfwhulvwlfv/ rqh
uh￿hfwlqj srolf| dqg wkh rwkhu fdsdflw| wr devrue dgydqfhg whfkqrorj| iurp deurdg1
Wkh Zruog Edqn +4<<<, surylghv d phdvxuh ￿? ri wkh dyhudjh dg ydoruhp gxw| dfurvv doo
wdul￿ olqhv iru pdqxidfwxuhg surgxfwv +Zruog Edqn/ 4<<<,12. D wdul￿ ￿? rq htxlsphqw lpsruwv
vkrxog udlvh ￿p? e| ￿oq+4.￿?,= Dq ROV uhjuhvvlrq ri wkh hvwlpdwhg g ￿p? rq oq+4.￿?, +dfurvv
wkh 5; frxqwulhv iru zklfk zh kdyh frpsohwh gdwd, |lhogv dq hvwlpdwhg ￿ ri <15 zlwk d vwdqgdug
huuru ri 614 +wkh U2 ri wkh uhjuhvvlrq lv 3158,1 Wklv hvwlpdwh ri ￿ lv txlwh vlplodu wr wkh ;16
ydoxh wkdw Hdwrq dqg Nruwxp +5333, ￿qg xvlqj yhu| gl￿huhqw revhuydwlrqv +uhwdlo sulfhv ri 83
pdqxidfwxuhg jrrgv dfurvv 4< RHFG frxqwulhv, dqg d yhu| gl￿huhqw phwkrgrorj|1
D frxqwu|*v ohyho ri kxpdq fdslwdo pd| surylgh vrph lqglfdwlrq ri lwv delolw| wr h{sorlw
iruhljq whfkqrorj|1 Lq idfw/ d uhjuhvvlrq ri wkh hvwlpdwhg g ￿p? rq +wkh lqyhuvh ri, Eduur dqg
Ohh*v +4<<6, phdvxuh ri wkh dyhudjh |hduv ri vfkrrolqj lq frxqwu| q> K?> |lhogv dq U2 ri 83
shu fhqw12H Kljkhu hgxfdwlrqdo dwwdlqphqw lv dvvrfldwhg zlwk orzhu eduulhuv1 Pruhryhu/ zkhq






Zh qrz xvh wkh hvwlpdwhg sdudphwhuv iurp wkh elodwhudo wudgh htxdwlrq wr lqihu krz htxlsphqw
sulfhv gl￿hu dfurvv frxqwulhv1 Lqvhuwlqj rxu hvwlpdwhv ri h{sruwhu frpshwlwlyhqhvv e V￿ dqg ri
jhrjudsklf eduulhuv g ￿p?. f ￿g& .f ￿e. e ￿o lqwr wkh uljkw kdqg vlgh ri htxdwlrq +44, |lhogv wkh orj







e V￿ ￿ +g ￿p? . f ￿g& . f ￿e. e ￿o,
l$
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54Zh kdyh ljqruhg dq dgglwlyh frqvwdqw zklfk zloo eh holplqdwhg zkhq zh fkrrvh dq| qrupdo0
l}dwlrq ri wkh sulfh lqgh{12b
Iljxuh : sorwv wkh orj ri wkh LFS phdvxuh ri htxlsphqw sulfhv +iurp wkh vhfrqg wr wkh odvw
froxpq ri Wdeoh 7, djdlqvw rxu wudgh0edvhg phdvxuh iurp htxdwlrq +44,1 Rxu phdvxuh dqg
wkh LFS phdvxuh ehdu olwwoh uhodwlrqvkls1 Erwk lqglfdwh Qljhuld dqg Hj|sw wr kdyh dprqj wkh
kljkhvw htxlsphqw sulfhv1 Exw dffruglqj wr wkh wudgh0edvhg phdvxuh Mdsdq dqg wkh Xqlwhg
Vwdwhv +wkh wzr odujhvw surgxfhuv, kdyh wkh orzhvw htxlsphqw sulfhv zkloh wkh LFS uhsruwv yhu|
kljk sulfhv iru wkhvh wzr1
Zkdw lv ehklqg wkh frqwudglfwru| phvvdjhv vhqw e| wkh LFS phdvxuh dqg wudgh0edvhg
phdvxuh ri htxlsphqw sulfhvB Rqh srvvlelolw|/ ri frxuvh/ lv wkdw LFS htxlsphqw sulfhv whoo wkh
wuxh vwru| zkloh rxu prgho kdv ohg xv wr plvlqwhusuhw zkdw wkh elodwhudo wudgh gdwd kdv wr
vd|/ li dq|wklqj/ derxw sulfh gl￿huhqfhv1￿f Wkhuh duh uhdvrqv wr wklqn/ krzhyhu/ wkdw wkh LFS
phdvxuh idlov wr slfn xs d v|vwhpdwlfdoo| kljkhu wuxh frvw ri htxlsphqw lq srru frxqwulhv1
Rqh srvvlelolw| lv wkdw wkh LFS sulfh phdvxuhv gr qrw dghtxdwho| uh￿hfw wkh orzhu txdolw|
ri htxlsphqw xvhg lq srru frxqwulhv1￿￿ Wkdw txdolw| pd| lq idfw eh orzhu lv vxjjhvwhg e|
Qdyduhwwl/ Vrordjd/ dqg Wdndfv*v +5333, ￿qglqj wkdw srruhu frxqwulhv whqg wr lpsruw d kljkhu
vkduh ri xvhg htxlsphqw1
Dqrwkhu srvvlelolw| lv wkdw wkh LFS ljqruhv pdq| frpsrqhqwv ri wkh frvw ri htxlsphqw
+ohduqlqj derxw lw/ ohduqlqj krz lw zrunv/ dgdswlqj lw wr orfdo frqglwlrqv/ pdlqwdlqlqj lw/ hwf1,
wkdw duh lq idfw kljkhu lq srru frxqwulhv1 Wkh ￿qglqj wkdw d orz ohyho ri vnloov lv dvvrfldwhg
zlwk eduulhuv wr fdslwdo jrrgv lpsruwv vxjjhvwv wkdw vxfk frvwv/ qrw uh￿hfwhg lq sulfhv/ frxog
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55eh vxevwdqwldo1￿2
Wr h{wudfw d surshuo| vfdohg wudgh0edvhg sulfh phdvxuh iurp +44, zh qhhg wr wdnh d vwdqg
rq ￿= Zh vhw ￿ @; =6 dv hvwlpdwhg lq Hdwrq dqg Nruwxp +5333,1 Xvlqj wklv ydoxh ri ￿/z h
ghqrwh wkh wudgh0edvhg phdvxuh a Sg1 Wdeoh ; vkrzv erwk wkh LFS phdvxuh iru Sg dv zhoo dv
rxu wudgh0edvhg phdvxuh a Sg/ erwk qrupdol}hg wr wkhlu X1V1 ydoxh1 Hyhq wkrxjk wkh LFS dqg
rxu wudgh0edvhg sulfh phdvxuhv ri htxlsphqw sulfhv ehdu olwwoh uhodwlrqvkls/ zlwk ￿ @; =6w k h
yduldwlrq lq wkh wzr phdvxuhv lv vlplodu +lq wkdw wkh udqjh ri yduldwlrq dorqj wkh krul}rqwdo d{lv
lq Iljxuh : lv derxw ; wlphv wkh udqjh ri yduldwlrq dorqj wkh yhuwlfdo d{lv,1 Pruh vljql￿fdqwo|/
krzhyhu/ rxu phdvxuh/ xqolnh wkh LFS*v/ fruuhodwhv yhu| zhoo zlwk ghyhorsphqw1
Dvlgh iurp doorzlqj xv wr xvh wudgh gdwd wr lqihu yduldwlrq lq htxlsphqw sulfhv dfurvv
frxqwulhv/ wkh prgho dovr whoov xv zkhuh frxqwulhv duh jhwwlqj wkhlu whfkqrorj|1 Dv h{suhvvlrqv
+7, dqg +8, lpso|/ wkh vkduh wkdw d vrxufh frxqwu| l rffxslhv lq wkh wrwdo sxufkdvhv ri d
ghvwlqdwlrq frxqwu| q dovr uh￿hfwv frxqwu| l*v frqwulexwlrq wr orzhu htxlsphqw sulfhv1 Rqh
vlpsoh frxqwhuidfwxdo lv wr dvn zkdw zrxog kdsshq li ghvwlqdwlrq frxqwu| q zhuh fxw r￿ iurp
vrxufh frxqwu| l= Wkh dqvzhu lv wkdw wkh sulfh ri fdslwdo jrrgv wkhuh zrxog ulvh e| d idfwru ri
+4 ￿ ￿?￿,3￿*w1 Dv fdq eh vhhq iurp Wdeoh 6/ dprqj ghyhorslqj frxqwulhv q/ wkh ydoxh ri ￿?￿
lv qhyhu pruh wkdq 5; shufhqw +wkh vkduh ri Iudqfh lq Prurffr*v devruswlrq ri htxlsphqw,1
Xvlqj wklv odujh ydoxh iru ￿?￿ zh ￿qg wkdw wkh sulfh ri fdslwdo zrxog ulvh e| rqo| 7 shufhqw lq
Prurffr li lw frxog qr orqjhu lpsruw htxlsphqw iurp Iudqfh1 Qr sduwlfxodu h{sruwhu lv fulwlfdo
dv d vxssolhu lq wkdw lpsruwhuv frxog uhdoorfdwh wkhlu lpsruwv dprqj gl￿huhqw vxssolhuv dw d
prghudwh frvw1 Vkxwwlqj grzq doo lpsruwv ri fdslwdo htxlsphqw e| frxqwu| q vkrxog pdnh
sulfhv ulvh e| d idfwru +￿??,3￿*w1 Wkh odvw froxpq lq Wdeoh ; vkrzv wkh uhvxowlqj htxlsphqw
sulfh ohyhov1 Iru prvw frxqwulhv wkh ulvh lv prghvw/ dowkrxjk lw fdq jr dv kljk dv ;3 shufhqw1￿￿
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Zh qrz dvn krz idu furvv0frxqwu| gl￿huhqfhv lq rxu wudgh0edvhg phdvxuh ri htxlsphqw sulfhv
jr lq h{sodlqlqj furvv0frxqwu| surgxfwlylw| gl￿huhqfhv1 Htxdwlrq +9, uhodwhv wkh vwhdg|0vwdwh
rxwsxw shu zrunhu |? lpsolhg e| rxu wkhru| wr wkh vdylqjv udwh dqg wkh uhodwlyh sulfh ri fdslwdo1
Wdnlqj orjdulwkpv ri wklv h{suhvvlrq |lhogv=









Wkh hodvwlflw| ri surgxfwlylw| zlwk uhvshfw wr uhdo htxlsphqw lqyhvwphqw udwh lv ￿@+4 ￿ ￿,=
Zh h{soruh wkh uhodwlrqvkls jlyhq e| +45, rq wzr iurqwv1 Zh ￿uvw lqyhvwljdwh lw hfrqrphw0
ulfdoo|/ iroorzlqj GhOrqj dqg Vxpphuv +4<<4,1 Lq grlqj vr zh h{soruh wkh lpsolfdwlrqv ri
dgglqj qrqhtxlsphqw fdslwdo1 Wklv hfrqrphwulf dssurdfk qrw rqo| surylghv lqvljkw lqwr wkh
vwuhqjwk ri wkh uhodwlrqvkls ehwzhhq rxu phdvxuh ri uhodwlyh htxlsphqw sulfh dqg surgxfwly0
lw|/ lq sulqflsoh/ lw surylghv hylghqfh rq wkh hodvwlflw|1 Zh dovr wdnh rxwvlgh hvwlpdwhv ri wkh
hodvwlflw| wr dvvhvv krz idu uhdo htxlsphqw lqyhvwphqw +xvlqj rxu phdvxuh ri htxlsphqw sulfhv,
fdq jr lq dffrxqwlqj iru furvv0frxqwu| surgxfwlylw| gl￿huhqfhv1
Wr phdvxuh |? zh xvh JGS shu fdslwd dgmxvwlqj iru |hduv ri vfkrrolqj1￿e Zh froohfw
uhpdlqlqj idfwruv d￿hfwlqj JGS shu fdslwd/ vxfk dv glvhperglhg whfkqrorjlfdo gl￿huhqfhv/
lqwr d pxowlsolfdwlyh huuru whup %?= Lq whupv ri +vfkrrolqj0dgmxvwhg, rxwsxw shu fdslwd |W
?>
htxdwlrq +45, ehfrphv/ lq orjv=
oq|W









Zh hpsor| wzr phdvxuhv ri wkh uhdo htxlsphqw lqyhvwphqw udwh/ rqh edvhg rq wkh LFS phdvxuh
ri htxlsphqw sulfhv dqg rqh hpsor|lqj rxu wudgh0edvhg phdvxuh1 Wkurxjkrxw/ zh phdvxuh v?
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57dv wkh htxlsphqw lqyhvwphqw udwh edvhg rq orfdo fxuuhqf| ydoxhv dqg S￿
? dv wkh LFS phdvxuh
ri wkh frqvxpswlrq jrrgv sulfh lqgh{1
Dq ROV uhjuhvvlrq xvlqj htxdwlrq +46,/ zlwk wkh uhdo htxlsphqw lqyhvwphqw udwh ghulyhg
iurp wkh LFS sulfh phdvxuh/ |lhogv d vorsh ri 31<8 zlwk dq U2 ri 31791 +Wdeoh < vkrzv doo ri wkh
uhjuhvvlrq uhvxowv1, Zlwk rxu wudgh0edvhg phdvxuh wkh uhjuhvvlrq vorsh idoov wr 3196/ exw wkh
uhodwlrqvkls wljkwhqv vxevwdqwldoo| zlwk wkh U2 ulvlqj wr 319:1 Wklv ulvh lq U2 lqglfdwhv wkdw
rxu wudgh0edvhg phdvxuh lv pruh kljko| fruuhodwhg zlwk JGS shu fdslwd1 Wkh uhdvrq wkdw wkh
vorsh idoov lv wkh juhdwhu yduldwlrq lq wkh wudgh0edvhg phdvxuh ri uhdo htxlsphqw lqyhvwphqw1
Wr h{soruh +46, lq pruh ghwdlo/ zh uxq ROV uhjuhvvlrqv zlwk vhsdudwh frh￿flhqwv rq wkh
vdylqjv udwh/ wkh sulfh ri htxlsphqw/ dqg wkh sulfh ri frqvxpswlrq1 Wkh wklug dqg irxuwk
urzv ri Wdeoh < uhsruw wkh uhvxowv1 Xvlqj wkh LFS phdvxuh ri htxlsphqw sulfhv/ zh ￿qg wkdw
yduldwlrq lq wkh sulfh ri frqvxpswlrq gulyhv wkh uhodwlrqvkls ehwzhhq surgxfwlylw| dqg wkh uhdo
lqyhvwphqw udwh1 Yduldwlrq lq wkh sulfh ri fdslwdo lwvhoi kdv olwwoh h{sodqdwru| srzhu1 Exw zkhq
zh xvh rxu wudgh0edvhg phdvxuh ri htxlsphqw sulfhv/ wkh frh￿flhqwv rq wkh sulfh ri htxlsphqw
dqg wkh sulfh ri frqvxpswlrq kdyh derxw wkh vdph devroxwh pdjqlwxgh zlwk rssrvlwh vljqv/
dv wkh| vkrxog1￿D
Vr idu zh kdyh ljqruhg wkh glvwlqfwlrq ehwzhhq htxlsphqw dqg rwkhu w|shv ri fdslwdo
+lpsolflwo| dvvxplqj wkdw wkh uhdo lqyhvwphqw udwhv iru hdfk pryh lq sdudooho,1 Iroorzlqj
Juhhqzrrg hw1 do1 +4<<:, zh qrz jhqhudol}h wkh surgxfwlrq ixqfwlrq wr I+Ne>Nr>O, @
+Ne,ke+Nr,krO￿3ke3kr/ zkhuh Nr lv wkh vwrfn ri vwuxfwxuhv dqg Ne lv wkh vwrfn ri htxlsphqw
+zlwk ￿e dqg ￿r wkh fruuhvsrqglqj vkduhv,1 Wkh vwhdg|0vwdwh surgxfwlylw| htxdwlrq ehfrphv=
oq|W


















? lv wkh sulfh ri htxlsphqw/ Sr
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58frpsolfdwhg frqvwdqw1￿S +Lpsolflw lq wkh ghulydwlrq duh wkh dvvxpswlrqv wkdw wkh vdylqjv udwh
lv frqvwdqw dfurvv frxqwulhv dqg wkdw wkh sulfh ri vwuxfwxuhv/ xqolnh wkh sulfh ri htxlsphqw/
uhpdlqv ￿{hg ryhu wlph lq whupv ri wkh sulfh ri frqvxpswlrq jrrgv1,
Li wkh uhodwlyh sulfh ri vwuxfwxuhv lv kljko| fruuhodwhg zlwk wkh uhodwlyh sulfh ri htxlsphqw/
lwv lqfoxvlrq lq wkh uhjuhvvlrq vkrxog orzhu wkh frh￿flhqw rq wkh uhodwlyh sulfh ri htxlsphqw1
Zh hvwlpdwh htxdwlrq +47, xvlqj LFS gdwd rq wkh uhodwlyh sulfh ri fdslwdo vwuxfwxuhv dqg rxu
suhglfwhg sulfh ri htxlsphqw uhodwlyh wr wkh LFS gdwd rq wkh sulfh ri frqvxpswlrq jrrgv1 Wkh
uhvxowv duh vkrzq lq wkh odvw urz ri Wdeoh <1 Wkh lqfoxvlrq ri wkh uhodwlyh sulfh ri vwuxfwxuhv kdv
doprvw qr lpsdfw rq wkh htxlsphqw sulfh frh￿flhqw/ dqg wkh frh￿flhqw rq vwuxfwxuhv sulfhv
lv qrw vljql￿fdqwo| gl￿huhqw iurp }hur1
Wr vxppdul}h wkh ￿qglqjv ri wkh uhjuhvvlrq dqdo|vlv/ xvlqj rxu suhglfwhg htxlsphqw sulfh
zh hvwlpdwh wkdw wkh hodvwlflw| ri vwhdg|0vwdwh surgxfwlylw| zlwk uhvshfw wr wkh uhodwlyh htxls0
phqw sulfh lv ehwzhhq 319 dqg 31:1 Dowkrxjk wkhvh hvwlpdwhv duh pruh uhdvrqdeoh wkdq wkrvh
rewdlqhg xvlqj wkh LFS phdvxuh ri htxlsphqw sulfhv/ wkh| duh qhyhuwkhohvv wrr odujh1 Jlyhq
hvwlpdwhv ri wkh vkduh ri htxlsphqw dqg vwuxfwxuhv lq surgxfwlrq/ lw lv kdug wr mxvwli| d fr0
h￿flhqw odujhu wkdq ￿e@+4 ￿ ￿, @ +4@9,@+5@6, @4 @7> lq olqh zlwk Juhhqzrrg hw1 do1 +4<<:,1
Dq reylrxv h{sodqdwlrq iru wkh odujhu frh￿flhqwv lq wkh uhjuhvvlrqv lv d qhjdwlyh fruuhodwlrq
ehwzhhq wkh xqrevhuyhg h￿flhqf| ri oderu % dqg wkh uhodwlyh sulfh ri htxlsphqw1 Lw lv txlwh
olnho| wkdw frxqwulhv zkhuh htxlsphqw lv fkhds duh dovr pruh surgxfwlyh iru rwkhu uhdvrqv dv
zhoo1 Wkh| pljkw/ iru h{dpsoh/ ehqh￿w iurp pruh dgydqfhg ohyhov ri glvhperglhg whfkqrorj|1
Lq oljkw ri wklv hvwlpdwlrq sureohp zh qrz vlpso| lpsrvh dq hodvwlflw| edvhg rq phdvxuhg
vkduhv lq surgxfwlrq/ vhwwlqj ￿e@+4 ￿￿, @4 @7 lq htxdwlrq +47,1 Zh wkhq xvh wkh htxdwlrq wr
dffrxqw iru gl￿huhqfhv lq surgxfwlylw| ohyhov1 +Edvhg rq wkh uhvxowv deryh/ zh ljqruh yduldwlrq
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59lq wkh uhodwlyh sulfh ri vwuxfwxuhv1,
E| dqdorj| wr jurzwk dffrxqwlqj +zkhuh/ gxh wr jurzwk/ revhuydwlrqv whqg wr eh rughuhg
urxjko| lq whupv ri wkh ohyho ri surgxfwlylw|, zh rughu frxqwulhv e| wkh ohyho ri |W
?1 Zh ghqrwh
wkh vhw ri 43 orz surgxfwlylw| frxqwulhv e| ￿7 +Pdodzl/ Nhq|d/ Lqgld/ Sklolsslqhv/ Qljhuld/
]lpedezh/ Edqjodghvk/ Sdnlvwdq/ Hj|sw/ dqg Vul Odqnd,1 Vlploduo|/ zh ghqrwh wkh vhw ri
43 kljk surgxfwlylw| frxqwulhv e| ￿￿ +Dxvwudold/ Mdsdq/ Qruzd|/ Xqlwhg Vwdwhv/ Vzhghq/






































zkhuh ￿ lv wkh gl￿huhqfh lq surgxfwlylw| ehwzhhq wkh wzr jurxsv qrw h{sodlqhg e| uhodwlyh
htxlsphqw sulfhv1
Zh ￿qg wkdw gl￿huhqfhv ehwzhhq wkh wzr jurxsv lq frqvxpswlrq jrrgv sulfhv S￿ +rq wkh
uljkw kdqg vlgh, h{sodlq 47 shufhqw ri wkh surgxfwlylw| gl￿huhqfh ehwzhhq wkh wzr jurxsv +rq
wkh ohiw,1 Xvlqj wkh LFS phdvxuh ri htxlsphqw sulfhv zh ￿qg wkdw gl￿huhqfhv lq Sg h{sodlq
06 shufhqw ri wkh surgxfwlylw| gl￿huhqfhv1 Zlwk rxu wudgh0edvhg phdvxuh zh fdq h{sodlq 45
shufhqw/ lq olqh zlwk wkh h{sodqdwlrq surylghg e| gl￿huhqfhv lq frqvxpswlrq jrrgv sulfhv1
Wrjhwkhu/ gl￿huhqfhv lq wkh uhodwlyh sulfh ri htxlsphqw xvlqj rxu wudgh0edvhg phdvxuh dffrxqw
iru 59 shufhqw ri wkh gl￿huhqfh lq surgxfwlylw|1
Krz elj lv 59 shu fhqwB D edvlv iru frpsdulvrq lv wkh frqwulexwlrq ri wkh ghfolqlqj uhodwlyh
sulfh ri htxlsphqw ryhu wlph wr X1V1 surgxfwlylw| jurzwk1 Zkloh/ dv glvfxvvhg deryh/ Juhhq0
zrrg hw1 do1/ dwwulexwh doprvw 93 shufhqw ri X1V1 surgxfwlylw| jurzwk wr idoolqj htxlsphqw
sulfhv/ Kxowhq +4<<5, sxwv wkh qxpehu dw 53 shufhqw1 Qrwh/ krzhyhu/ wkdw zkloh lqwhuqdwlrqdo
wudgh lq htxlsphqw fdq uhgxfh wkh furvv0frxqwu| yduldwlrq lq htxlsphqw sulfhv/ wkhuh lv qr
vxfk phfkdqlvp wr uhgxfh wkh gl￿huhqfhv lq sulfhv wkdw dulvh ryhu wlph gxh wr whfkqrorjlfdo
fkdqjh1 Wkxv/ zh vkrxog h{shfw wkdw gl￿huhqfh lq wkh uhodwlyh sulfh ri htxlsphqw h{sodlq ohvv
dfurvv frxqwulhv wkdq ryhu wlph1
5:, #	"

Rxu dqdo|vlv ri wudgh lq fdslwdo jrrgv uhodwhv surgxfwlylw| gl￿huhqfhv wr gl￿huhqfhv lq htxls0
phqw sulfhv/ dqg lq wxuq uhodwhv wkhvh sulfhv wr eduulhuv lqklelwlqj wudgh lq htxlsphqw1 Wkh
prgho doorzv xv wr lqihu gl￿huhqfhv lq htxlsphqw sulfhv dfurvv frxqwulhv iurp gdwd rq elodw0
hudo wudgh lq wkhvh jrrgv1 Hvwlpdwlqj wkh prgho iru d vdpsoh ri 67 frxqwulhv lpsolhv sulfh
gl￿huhqfhv wkdw duh pxfk juhdwhu dfurvv frxqwulhv dqg pruh wljkwo| wlhg wr JGS shu fdslwd
wkdq vwdqgdug sulfh phdvxuhv1 Rxu zrunlqj k|srwkhvlv lv wkdw vwdqgdug phdvxuhv duh qrw
ixoo| dffrxqwlqj iru txdolw| gl￿huhqfhv/ dqg ljqruh pdq| lqgluhfw frvwv wkdw pd| ydu| dfurvv
frxqwulhv/ vxfk dv wkh frvw ri ohduqlqj krz wr rshudwh lpsruwhg htxlsphqw1
Zkloh rxu wudgh0edvhg phdvxuh ri htxlsphqw sulfhv jrhv d orw ixuwkhu lq h{sodlqlqj JGS
gl￿huhqfhv wkdq wkh sulfhv w|slfdoo| xvhg lq wkh hpslulfdo jurzwk olwhudwxuh/ reylrxvo| zh kdyh
qrw wrog wkh zkroh vwru|1 Lqghhg/ li fdslwdo jrrgv sulfh gl￿huhqfhv dorqh zhuh vx￿flhqw wr
h{sodlq doo gl￿huhqfhv lq JGS shu fdslwd/ wkh| zrxog kdyh wr eh hqruprxv jlyhq wkh prghvw
vkduh ri fdslwdo htxlsphqw lq rxwsxw1 Qrqhwkhohvv/ zh kdyh pdgh vrph surjuhvv rq wklv
iurqw1 Pruh lpsruwdqw/ zh kdyh jrqh ixuwkhu wkdq hduolhu zrun lq frqqhfwlqj htxlsphqw wudgh/
surgxfwlylw|/ dqg sulfh gl￿huhqfhv dfurvv frxqwulhv1
5;Uhihuhqfhv
Dfhprjox/ Gdurq dqg Ideul}lr ]lolerwwl +5333,/ _Surgxfwlylw| Gl￿huhqfhv1% iruwkfrplqj lq
Txduwhuo| Mrxuqdo ri Hfrqrplfv1
Edodvvd/ Ehod +4<97,/ _Wkh Sxufkdvlqj Srzhu Sdulw| Grfwulqh= D Uhdssudlvdo1% Mrxuqdo ri
Srolwlfdo Hfrqrp| :5= 8;708<91
Eduur/ Urehuw dqg Mrqj0Zkd Ohh +4<<6,/ _Lqwhuqdwlrqdo Frpsdulvrqv ri Hgxfdwlrqdo Dwwdlq0
phqw1% Mrxuqdo ri Prqhwdu| Hfrqrplfv 65= 69606<71
Ehupdq/ Hol/ Mrkq Erxqg/ dqg Vwhskhq Pdfklq +4<<;,/ _Lpsolfdwlrq ri Vnloo0Eldvhg Whfk0
qrorjlfdo Fkdqjh= Lqwhuqdwlrqdo Hylghqfh1% Txduwhuo| Mrxuqdo ri Hfrqrplfv 446= 45780
45;31
Ehuqdug/ Dqguhz E1/ Mrqdwkdq Hdwrq/ M1 Eudgirug Mhqvhq/ dqg Vdpxho Nruwxp +5333,/
_Sodqwv dqg Surgxfwlylw| lq Lqwhuqdwlrqdo Wudgh1% QEHU Zrunlqj Sdshu Qr1 :9;;1
Elov/ Pdun dqg Shwhu Nohqrz +4<<;,/ _Grhv Vfkrrolqj Fdxvh Jurzwk ri wkh Rwkhu Zd|
DurxqgB% QEHU Zrunlqj Sdshu Qr1 96<61
Fdvwur/ Uxl +5333,/ _Hfrqrplf Ghyhorsphqw xqghu Dowhuqdwlyh Wudgh Uhjlphv1% plphr/
Xqlyhuvlw| ri Prqwuhdo1
Fkdul/ Y1 Y1/ Sdwulfn M1 Nhkrh/ dqg Hoohq U1 PfJudwwhq +4<<;,/ _Wkh Sryhuw| ri Qdwlrqv= D
Txdqwlwdwlyh Lqyhvwljdwlrq1% Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv1
Frh/ Gdylg W1 dqg Hokdqdq Khospdq +4<<8,/ _Lqwhuqdwlrqdo U)G Vslooryhuv1% Hxurshdq
Hfrqrplf Uhylhz 6<= ;8<0;;:1
Frh/ Gdylg W1/ Hokdqdq Khospdq/ dqg Doh{dqghu Z1 Kr￿pdlvwhu +4<<:,/ _Qruwk0Vrxwk
Uhvhdufk dqg Ghyhorsphqw Vslooryhuv1% Hfrqrplf Mrxuqdo 43:= 467047<1
5<Froolqv/ Zlooldp M1 dqg Mh￿uh| J1 Zlooldpvrq +5333,/ _Fdslwdo Jrrgv Sulfhv dqg Lqyhvwphqw=
4;:304<831% plphr/ Kduydug Xqlyhuvlw|1
Gh Orqj/ M1 Eudgirug dqg Odzuhqfh K1 Vxpphuv +4<<4,/ _Htxlsphqw Lqyhvwphqw dqg Hfr0
qrplf Jurzwk1% Txduwhuo| Mrxuqdo ri Hfrqrplfv 439= 77808351
Hdwrq/ Mrqdwkdq/ dqg Vdpxho Nruwxp +4<<9,/ _Wudgh lq Lghdv= Sdwhqwlqj dqg Surgxfwlylw|
lq wkh RHFG1% Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 73= 58405:;1
Hdwrq/ Mrqdwkdq dqg Vdpxho Nruwxp +4<<<,/ _Lqwhuqdwlrqdo Whfkqrorj| Gl￿xvlrq= Wkhru|
dqg Phdvxuhphqw1% Lqwhuqdwlrqdo Hfrqrplf Uhylhz 73= 86:08:31
Hdwrq/ Mrqdwkdq dqg Vdpxho Nruwxp +5333,/ _Whfkqrorj|/ Jhrjudsk|/ dqg Wudgh1% plphr/
Ervwrq Xqlyhuvlw|1
Ihhqvwud/ Urehuw F1/ Urehuw H1 Olsvh|/ dqg Khqu| S1 Erzhq +4<<:,/ _Zruog Wudgh Iorzv/
4<:304<<5/ zlwk Surgxfwlrq dqg Wdul￿ Gdwd1% QEHU Zrunlqj Sdshu Qr1 8<431
Iudqnho/ Mh￿uh| D1 dqg Gdylg Urphu +4<<<,/ _Grhv Wudgh Fdxvh JurzwkB% Dphulfdq Hfr0
qrplf Uhylhz ;<= 6:<06<<1
Jlofkulvw/ Vlprq dqg Mrkq F1 Zlooldpv +5333,/ _Wudqvlwlrq G|qdplfv lq Ylqwdjh Fdslwdo
Prghov= H{sodlqlqj wkh Srvwzdu Fdwfk0Xs ri Jhupdq| dqg Mdsdq1% plphr/ Ervwrq
Xqlyhuvlw|1
Jrugrq/ Urehuw M1 +4<<3,/ Wkh Phdvxuhphqw ri Gxudeoh Jrrgv Sulfhv +Xqlyhuvlw| ri Fklfdjr
Suhvv,1
Juhhqzrrg/ Mhuhp|/ ]yl Khufrzlw}/ dqg Shu Nuxvhoo +4<<:,/ _Orqj0Uxq Lpsolfdwlrqv ri Lq0
yhvwphqw Vshfl￿f Whfkqrorjlfdo Fkdqjh1% Dphulfdq Hfrqrplf Uhylhz ;:= 67506951
Kdyhpdq/ Mrqdwkdq +5333,/ _Xvhixo Judylw| Prgho Gdwd1% dydlodeoh dw
kwws=22zzz1hllw1ruj2Wudgh1Uhvrxufhv2WudghGdwd1kwpo1
63Khvwrq/ Dodq/ Urehuw Vxpphuv/ Ehwwlqd Dwhq/ dqg Gdqlho D1 Qx{roo +4<<8,/ _Qhz Nlqgv
ri Frpsdulvrqv ri wkh Sulfhv ri Wudgdeohv dqg Qrqwudgdeohv1% FLFXS Zrunlqj Sdshu
<8061
Krophv/ Wkrpdv M1 dqg Mdphv D1 Vfkplw} +4<<8,/ _Uhvlvwdqfh wr Qhz Whfkqrorjlhv dqg
Wudgh Ehwzhhq Duhdv/% Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv Txduwhuo| Uhylhz 4<= 504:1
Kxowhq/ Fkduohv U1 +4<<5,/ _Jurzwk Dffrxqwlqj zkhq Whfkqlfdo Fkdqjh lv Hperglhg lq
Fdslwdo1% Dphulfdq Hfrqrplf Uhylhz ;5= <970<;31
LPI +4<<8,/ Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv +Lqwhuqdwlrqdo Prqhwdu| Ixqg/ Zdvklqjwrq/
GF,1
Mrqhv/ Fkduohv L1 +4<<7,/ _Hfrqrplf Jurzwk dqg wkh Uhodwlyh Sulfh ri Fdslwdo1% Mrxuqdo ri
Prqhwdu| Hfrqrplfv 67= 68<06;51
Mrydqrylf/ Er|dq dqg Udidho Ure +4<<:,/ _Vrorz yv1 Vrorz= Pdfklqh Sulfhv dqg Ghyhors0
phqw1% QEHU Zrunlqj Sdshu & 8;:41
Nhoohu/ Zroijdqj +4<<;,/ _Duh Lqwhuqdwlrqdo U)G Vslooryhuv Wudgh UhodwhgB Dqdo|}lqj
Vslooryhuv Dprqj Udqgrpo| Pdwfkhg Wudgh Sduwqhuv1% Hxurshdq Hfrqrplf Uhylhz
75= 479<047;41
Nhoohu/ Zroijdqj +5333,/ _Krz Wudgh Sdwwhuqv dqg Whfkqrorj| Iorzv D￿hfw Surgxfwlylw|
Jurzwk1% iruwkfrplqj lq Zruog Edqn Hfrqrplf Uhylhz1
Nudylv/ Luylqj dqg Urehuw Olsvh| +4<;;,/ _Qdwlrqdo Sulfh Ohyhov dqg wkh Sulfh ri Wudgdeohv
dqg Qrqwudgdeohv1% Dphulfdq Hfrqrplf Uhylhz= Sdshuv dqg Surfhhglqjv :;= 7:707:;1
N|uldfrx/ J1 +4<<4,/ _Ohyho dqg Jurzwk H￿hfwv ri Kxpdq Fdslwdo1% F1Y1 Vwduu Fhqwhu
Zrunlqj Sdshu <40591
64Ohdphu/ Hgzdug dqg Mdphv Ohylqvrkq +4<<8,/ _Lqwhuqdwlrqdo Wudgh Wkhru|= Wkh Hylghqfh1%
Lq Wkh Kdqgerrn ri Lqwhuqdwlrqdo Hfrqrplfv/ Yroxph LLL/ hglwhg e| Jhqh P1 Jurvvpdq
dqg Nhqqhwk Urjr￿ +Qruwk0Kroodqg/ Dpvwhugdp,1
Pdqnlz/ Q1 Juhjru|/ Gdylg Urphu dqg Gdylg Q1 Zhlo +4<<5,/ _D Frqwulexwlrq wr wkh Hp0
slulfv ri Hfrqrplf Jurzwk1% Txduwhuo| Mrxuqdo ri Hfrqrplfv 43:= 73:076:1
Pd|hu/ M￿ ruj +5333,/ _Whfkqrorj| Wudqvihu dqg Hfrqrplf Jurzwk lq Ghyhorslqj Frxqwulhv1%
plphr/ XQFWDG1
Qdyduhwwl/ Jlrujlr Edued/ Lvlgur Vrordjd/ dqg Zhqg| Wdndfv +5333,/ _Ylqwdjh Whfkqrorjlhv
dqg Vnloo Frqvwudlqwv= Hylghqfh iurp X1V1 H{sruwv ri Qhz dqg Xvhg Pdfklqhv1% Zruog
Edqn Hfrqrplf Uhylhz 47= <4043<1
RHFG +4<<8d,/ Edvlf Vflhqfh dqg Whfkqrorj| Vwdwlvwlfv +RHFG/ Sdulv,1
RHFG +4<<8e,/ VWDQ Gdwdedvh iru Lqgxvwuldo Dqdo|vlv +RHFG/ Sdulv,1
RHFG +4<<9,/ Lqsxw0Rxwsxw Gdwdedvh +RHFG/ Sdulv,1
Sduhqwh/ Vwhskhq O1 dqg Hgzdug F1 Suhvfrww +4<<7,/ _Eduulhuv wr Whfkqrorj| Dgrswlrq dqg
Ghyhorsphqw1% Mrxuqdo ri Srolwlfdo Hfrqrp| 435= 5<;06541
Sduhqwh/ Vwhskhq O1 dqg Hgzdug F1 Suhvfrww +4<<<,/ _Prqrsro| Uljkwv= D Eduulhu wr Ulfkhv1%
Dphulfdq Hfrqrplf Uhylhz ;<= 4549045661
Uhvwxffld/ Glhjr dqg Fduorv Xuuxwld +5333,/ _Uhodwlyh Sulfhv dqg Lqyhvwphqw Udwhv1% iruwk0
frplqj lq Mrxuqdo ri Prqhwdu| Hfrqrplfv1
Urgu￿ ljxh}0Foduh/ Dqgu￿ hv +4<<9,/ _Wkh Uroh ri Wudgh lq Whfkqrorj| Gl￿xvlrq1% plphr/ Xql0
yhuvlw| ri Fklfdjr1
Urphu/ Sdxo +4<<7,/ _Qhz Jrrgv/ Rog Wkhru|/ dqg wkh Zhoiduh Frvwv ri Wudgh Uhvwulfwlrqv1%
Mrxuqdo ri Ghyhorsphqw Hfrqrplfv 76= 806;1
65Vdpxhovrq/ Sdxo D1 +4<97,/ _Wkhruhwlfdo Qrwhv rq Wudgh Sureohpv1% Uhylhz ri Hfrqrplfv
dqg Vwdwlvwlfv 79= 47804971
Vplwk/ P1D1P1 +4<:7,/ _Lqwhuqdwlrqdo Wudgh lq Vhfrqg0Kdqg Pdfklqhv1% Mrxuqdo ri Ghyho0
rsphqw Hfrqrplfv 4= 59405:;1
Vrorz/ Urehuw P1 +4<93,/ _Lqyhvwphqw dqg Whfkqrorjlfdo Surjuhvv1% Lq Pdwkhpdwlfdo Phwkrgv
lq wkh Vrfldo Vflhqfhv 4<8</ hglwhg e| Nhqqhwk M1 Duurz dqg Sdwulfn Vxsshv +Vwdqirug
Xqlyhuvlw| Suhvv,1
Vxpphuv/ Urehuw dqg Dodq Khvwrq +4<<4,/ _Wkh Shqq Zruog Wdeoh +Pdun 8,= Dq H{sdqghg
Vhw ri Lqwhuqdwlrqdo Frpsdulvrqv/ 4<8304<;;1% Txduwhuo| Mrxuqdo ri Hfrqrplfv 439=
65:069;1
XQLGR +4<<<,/ Lqgxvwuldo Vwdwlvwlfv Gdwdedvh +Xqlwhg Qdwlrqv/ Qhz \run,1
Xqlwhg Qdwlrqv +4<<7,/ Zruog Frpsdulvrqv ri Uhdo Jurvv Grphvwlf Surgxfw dqg Sxufkdvlqj
Srzhu/ 4<;8= Skdvh Y ri wkh Lqwhuqdwlrqdo Frpsdulvrq Surjudpph +Xqlwhg Qdwlrqv
Sxeolfdwlrqv,1
Zdqj/ Mldqpdr dqg Elq [x +4<<<,/ _Fdslwdo Jrrgv Wudgh dqg U)G Vslooryhuv lq wkh RHFG1%
Fdqdgldq Mrxuqdo ri Hfrqrplfv 65= 458;045:71
Zruog Edqn +4<<6,/ Sxufkdvlqj Srzhu ri Fxuuhqflhv/ Frpsdulqj Qdwlrqdo Lqfrphv Xvlqj
LFS Gdwd +Zruog Edqn/ Zdvklqjwrq/ GF,1
Zruog Edqn +4<<<,/ Zruog Ghyhorsphqw Lqglfdwruv +Zruog Edqn/ Zdvklqjwrq/ GF,1
\rxqj/ Doz|q +4<<8,/ _Wkh W|udqq| ri Qxpehuv= Frqiurqwlqj wkh Vwdwlvwlfdo Uhdolwlhv ri
wkh Hdvw Dvldq Jurzwk H{shulhqfh1% Txduwhuo| Mrxuqdo ri Hfrqrplfv 443= 97409;31
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Wudgh gdwd duh dydlodeoh e| w|sh ri surgxfw/ exw qrw dffruglqj wr wkh zd| lq zklfk wkh surgxfw
lv xvhg +l1h1 dv dq lqwhuphgldwh jrrg/ frqvxpswlrq jrrg/ ru lqyhvwphqw jrrg,1 Wkxv/ zh pxvw
dssur{lpdwh wudgh lq fdslwdo htxlsphqw e| wudgh lq jrrgv dvvrfldwhg zlwk pdmru htxlsphqw0
surgxflqj lqgxvwulhv1 Zh lghqwl￿hg wkh htxlsphqw0surgxflqj lqgxvwulhv diwhu frqvxowlqj lqsxw0
rxwsxw wdeohv dqg fdslwdo ￿rzv wdeohv ri grphvwlf wudqvdfwlrqv +RHFG/ 4<<9, iru hdfk ri wkh
wkuhh pdmru fdslwdo0jrrgv surgxfhuv +Jhupdq|/ Mdsdq/ dqg wkh Xqlwhg Vwdwhv,1 Edvhg rq wkh
glvfxvvlrq ehorz zh lghqwli| wkuhh lqgxvwulhv/ hohfwulfdo pdfklqhu|/ qrqhohfwulfdo pdfklqhu|/
dqg lqvwuxphqwv/ dv htxlsphqw surgxfhuv1
Wkh iroorzlqj wdeohv h{sodlq wklv fkrlfh1 Wkh ￿uvw wdeoh vkrzv wkdw wkh rxwsxw ri rxu
htxlsphqw surgxflqj lqgxvwulhv lv pxfk pruh olnho| wr eh xvhg iru lqyhvwphqw udwkhu wkdq
frqvxpswlrq/ zkloh wkh rssrvlwh lv wuxh iru rwkhu pdqxidfwxulqj lqgxvwulhv1 +Rxwsxw wkdw lv
sxufkdvhg e| wkh jryhuqphqw ru h{sruwhg kdv ehhq ljqruhg lq wkhvh fdofxodwlrqv1, Df d y h d w
lv wkdw derxw kdoi ri wkh rxwsxw ri wkh htxlsphqw0surgxflqj lqgxvwulhv lv xvhg dv lqwhuphgldwh
jrrgv/ dv glvfxvvhg lq wkh wh{w1
Xvhv ri Pdqxidfwxulqj Rxwsxw
Frxqwu| Lqyhvwphqw Frqvxpswlrq Lqwhuphgldwh
jrrgv +(, jrrgv +(, jrrgv +(,
Htxlsphqw Surgxflqj Lqgxvwulhv
Jhupdq| +4<;9, 6< ; 86
Mdsdq +4<;8, 77 ; 7;
Xqlwhg Vwdwhv +4<;8, 69 47 83
Rwkhu Pdqxidfwxulqj Lqgxvwulhv
Jhupdq| +4<;9, 96 39 7
Mdsdq +4<;8, 65 6: 7
Xqlwhg Vwdwhv +4<;8, 86 69 5
+Vkduhv pd| qrw vxp wr 433 gxh wr urxqglqj1,
Wkh qh{w wdeoh vkrzv wkhvh wkuhh lqgxvwulhv jhqhudwh dw ohdvw 93 ( ri wkh pdqxidfwxulqj
67vhfwru*v wrwdo rxwsxw ri lqyhvwphqw jrrgv1 Ri wkh lqgxvwulhv wkdw zh kdyh h{foxghg/ wkh wudqv0
sruwdwlrq htxlsphqw lqgxvwu| dovr pdnhv d pdmru frqwulexwlrq1 Rwkhu lqyhvwphqw jrrgv duh
jhqhudoo| surgxfhg e| hlwkhu wkh wh{wloh surgxfwv lqgxvwu|/ zrrg surfhvvlqj/ sdshu surgxfwv/ ru
phwdo surfhvvlqj1 Rxu htxlsphqw surgxflqj lqgxvwulhv jhqhudwh derxw ;3 ( ri wkh lqyhvwphqw
jrrgv xvhg e| wkh pdqxidfwxulqj vhfwru1
Frqwulexwruv wr wkh Surgxfwlrq ri Lqyhvwphqw Jrrgv
Frxqwu| Htxlsphqw Wudqvsruwdwlrq Wh{wlohv/ zrrg/ sdshu/
surgxfhuv +(, htxlsphqw +(, dqg phwdo surfhvvlqj +(,
Lqyhvwphqw Jrrgv Xvhg Dq|zkhuh
Jhupdq| +4<;9, 93 48 4<
Mdsdq +4<;8, :9 49 9
Xqlwhg Vwdwhv +4<;8, 93 5; 43
Lqyhvwphqw Jrrgv Xvhg e| Pdqxidfwxuhuv
Jhupdq| +4<;9, :; : 44
Mdsdq +4<;8, <8 7 5
Xqlwhg Vwdwhv +4<;8, ;7 45 7
+Vkduhv pd| qrw vxp wr 433 gxh wr urxqglqj1,
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Wkh iroorzlqj wdeoh surylghv vrph hylghqfh derxw idfwru lqwhqvlwlhv lq wkh surgxfwlrq ri htxls0
phqw yhuvxv rwkhu pdqxidfwxuhv1 Wr jhw dw oderu lqwhqvlw| zh uhsruw oderu frpshqvdwlrq
dv d shufhqwdjh ri ydoxh dgghg1 Wr jhw dw vnloo lqwhqvlw| +iroorzlqj Ehupdq/ Erxqg/ dqg
Pdfklq/ 4<<;, zh uhsruw wkh shufhqwdjh ri qrq0surgxfwlrq zrunhuv lq hpsor|phqw +zh wkdqn
Hol Ehupdq iru vxsso|lqj wkhvh gdwd,1 Zh irfxv rq wkh pdlq htxlsphqw surgxflqj frxqwulhv
+Iudqfh dqg Lwdo| gr qrw surylgh gdwd rq hpsor|phqw ri surgxfwlrq yv1 qrq0surgxfwlrq zrun0
huv,1 Htxlsphqw surgxflqj lqgxvwulhv dsshdu wr eh oderu lqwhqvlyh dqg vnloo lqwhqvlyh uhodwlyh
wr rwkhu pdqxidfwxulqj lqgxvwulhv1
68Frqwulexwruv wr wkh Surgxfwlrq ri Lqyhvwphqw Jrrgv
Frxqwu| Oderu Frpshqvdwlrq Qrq0surgxfwlrq Zrunhuv
lq Ydoxh Dgghg +(, lq Hpsor|phqw +(,
Htxlsphqw Rwkhu Htxlsphqw Rwkhu
surgxfhuv pdqxidfwxulqj surgxfhuv pdqxidfwxulqj
Jhupdq| :: 96 6; 5<
Mdsdq +4<;7, 87 7< 7; 87
Vzhghq :5 :3 6< 5;
Xqlwhg Nlqjgrp ;3 :5 74 5<
Xqlwhg Vwdwhv ;4 9: 6< 5:
  
Wkh elodwhudo wudgh gdwd lv iurp Ihhqvwud hw1 do1 +4<<:,1 Wkh lqgxvwu| glphqvlrq ri wkh
wudgh gdwd lv edvhg rq d frqfrugdqfh iurp wkh 70gljlw Vwdqgdug Lqwhuqdwlrqdo Wudgh Fodv0
vl￿fdwlrq wr d vhw ri lqgxvwu| frghv xvhg e| wkh Exuhdx ri Hfrqrplf Dqdo|vlv +EHD,1Z h
gh￿qh htxlsphqw wudgh wr eh wkh vxp ri EHD lqgxvwu| frghv 5305: dqg 66 +Idup dqg Jdughq
Pdfklqhu|> Frqvwuxfwlrq/ Plqlqj/ hwf1> Frpsxwhu dqg R￿fh Htxlsphqw> Rwkhu Qrqhohfwulf
Pdfklqhu|> Krxvhkrog Dssoldqfhv> Krxvhkrog Dxglr dqg Ylghr/ hwf1> Hohfwurqlf Frpsrqhqwv>
Rwkhu Hohfwulfdo Pdfklqhu|> dqg Lqvwuxphqwv dqg Dssdudwxv,1
Wr fdofxodwh krz pxfk htxlsphqw hdfk frxqwu| surylghv iru lwvhoi zh qhhg gdwd rq surgxf0
wlrq e| hdfk frxqwu|1 Wkh Xqlwhg Qdwlrqv +XQLGR/ 4<<<, dvvhpeohv gdwd rq jurvv surgxfwlrq
e| 60gljlw Lqwhuqdwlrqdo Vwdqgdug Lqgxvwuldo Fodvvl￿fdwlrq +LVLF, dfurvv d zlgh vhw ri frxq0
wulhv1 Zh gh￿qh surgxfwlrq ri htxlsphqw wr eh wkh vxp ri LVLF 6;5/ 6;6/ dqg 6;8 +Pdfklqhu|/
h{fhsw hohfwulfdo> Pdfklqhu|/ hohfwulf> dqg Surihvvlrqdo dqg vflhqwl￿f htxlsphqw,1
 #% %
	 ""
Wkh Lqwhuqdwlrqdo Frpsdulvrqv Surjudpph +LFS, ri wkh Xqlwhg Qdwlrqv shulrglfdoo| froohfwv
lqirupdwlrq rq wkh sulfhv ri d qxpehu ri w|shv ri fdslwdo htxlsphqw dfurvv 63 wr 93 frxqwulhv
+Xqlwhg Qdwlrqv/ 4<<7 dqg Zruog Edqn/ 4<<6,1 Wkh LFS dovr dvvhpeohv d vhulhv rq htxlsphqw
lqyhvwphqw1
Zh irfxv rq wkh |hdu 4<;81 Lq wkdw |hdu wkh LFS joredo frpsdulvrqv ri sulfhv dqg rxw0
69sxw frqvlvw ri gdwd iurp 89 frxqwulhv1 Zh gursshg 4: ri wkhvh frxqwulhv +Ehojlxp/ Ehqlq/
Erwvzdqd/ Fdphurrq/ Frqjr/ Fa rwh g*Lyrluh/ Hwklrsld/ Ox{hperxuj/ Pdol/ Srodqg/ Vhqhjdo/
Vlhuud Ohrqh/ Vzd}lodqg/ Wdq}dqld/ Wkdlodqg/ Wxqlvld/ dqg ]dpeld, ehfdxvh wkh lqgxvwu| sur0
gxfwlrq gdwd zdv qrw dydlodeoh iru 4<;81 Zh gursshg Krqj Nrqj/ Luhodqg/ Qhwkhuodqgv/ dqg
Uzdqgd ehfdxvh wkhlu uhsruwhg h{sruwv ri htxlsphqw h{fhhghg wkhlu uhsruwhg surgxfwlrq1 +Zh
dovr gursshg Pdgdjdvfdu1, Wkh ￿qdo vhw ri 67 frxqwulhv lv vkrzq lq Wdeoh 41
Iru vrph sxusrvhv zh qhhghg wr wudqvodwh wkh LFS phdvxuhv iurp orfdo fxuuhqflhv wr X1V1
Grooduv1 Zh xvh wkh h{fkdqjh udwh lpsolflw lq wkh XQLGR gdwd +zklfk lv dydlodeoh lq erwk wkh
orfdo fxuuhqf| dqg lq X1V1 Grooduv, iru wklv sxusrvh/ zlwk wkh iroorzlqj h{fhswlrqv1 Lq jhqhudo
XQLGR xvhv wkh ui vhulhv iurp wkh Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv +h1j1 LPI/ 4<<8,1D ww k h
uhtxhvw ri Ludq/ XQLGR xvhv wkh |i vhulhv iru wkdw frxqwu|/ zklfk lv pxfk kljkhu ^|i @ 53:16
Uldov2’/u i +uhsruwhg dv zi, @ <4138 Uldov2’‘1 Fruuhvsrqghqfh zlwk wkh Wudgh Eudqfk ri wkh
X1Q1 lqglfdwhg wkdw wkh| dozd|v xvh wkh ui vhulhv lq frqyhuwlqj wkh wudgh gdwd lqwr X1V1 Grooduv1
Wkxv/ wr eh frqvlvwhqw zlwk wkh wudgh gdwd/ zh fkrvh wr frqyhuw Ludq*v surgxfwlrq lqwr X1V1
Grooduv xvlqj wkh h{fkdqjh udwh ri <4138 Uldov2’ lq 4<;81 Rqh rwkhu lvvxh lv wkdw wkh LFS gdwd
iru Nhq|d lv lq Nhq|dq Vkloolqjv/ zkloh lq wkh XQLGR gdwd lw lv lq Nhq|dq Srxqgv/ vr zh
dgmxvw wkh h{fkdqjh udwh dssursuldwho|1
' / 
Lq Iljxuh 4 zh sorw U)G shuiruphg dqg ￿qdqfhg e| wkh exvlqhvv vhfwru1 Xvlqj U)G gdwd
iru 4<;4 dqg 4<;< iurp RHFG +4<<8d,/ zh glylghg wkhvh h{shqglwxuhv e| JGS lq wkh fruuh0
vsrqglqj |hdu dqg wkhq wrrn wkh vlpsoh dyhudjh1
Lq hvwlpdwlqj wkh wudgh htxdwlrq/ zh xvh sur{lhv iru jhrjudsklf eduulhuv1 Wkh glvwdqfh dqg
erughu gxpplhv zhuh frqvwuxfwhg xvlqj lqirupdwlrq iurp Kdyhpdq +5333,1
6:Wdeoh 4= Surgxfwlrq ri Pdqxidfwxuhv dqg Htxlsphqw
& Frxqwu| Frgh Srsxodwlrq JGS Pdqxidfwxulqj Htxlsphqw
shu fdslwd surgxfwlrq surgxfwlrq
+wkrxvdqgv, +lqwo1 ’*v, +( ri JGS, +( ri JGS,
4 Dxvwudold DXV 48:8; 468;6 491; 513
5 Dxvwuld DXW :888 44464 5316 718
6 Edqjodghvk EJG <:433 4549 71< 315
7 Fdqdgd FDQ 58498 488;< 5419 51<
8 Ghqpdun GQN 8447 45<9< 4;14 713
9 Hj|sw HJ\ 79844 4<86 4317 413
: Ilqodqg ILQ 7<35 45384 5814 71:
; Iudqfh IUD 884:3 45539 5518 71<
< Jhupdq| GHX 9438; 45868 681: 4318
43 Juhhfh JUF <<67 9557 4715 31<
44 Kxqjdu| KXQ 4398: 85:; 5;17 ;19
45 Lqgld LQG :9847: 4383 :15 416
46 Ludq LUQ 796:7 7376 :13 31<
47 Lwdo| LWD 8:474 43;3; 4816 619
48 Mdsdq MSQ 453:87 44::4 6414 <16
49 Nhq|d NHQ 53574 :<7 4416 31:
4: Nruhd NRU 73;39 754: 681; 916
4; Pdodzl PZL :4;; 84; :18 314
4< Pdxulwlxv PXV 4353 7559 481< 319
53 Prurffr PDU 55394 4<89 <1; 318
54 Qhz ]hdodqg Q]O 65:5 44776 5413 515
55 Qljhuld QJD ;64<9 4395 ;18 316
56 Qruzd| QRU 7486 47477 4615 51;
57 Sdnlvwdq SDN <94;3 4595 4319 319
58 Sklolsslqhv SKO 87:33 4875 4317 319
59 Sruwxjdo SUW 4348: 83:3 4;1< 41;
5: Vsdlq HVS 6;8:7 :869 5315 51:
5; Vul Odqnd OND 48;6: 5378 4413 316
5< Vzhghq VZH ;683 46784 5717 81:
63 Wxunh| WXU 83639 63:: 4<1: 41<
64 Xqlwhg Nlqjgrp JEU 8994; 4456: 5:17 917
65 Xqlwhg Vwdwhv XVD 56<5:< 498:3 5815 91;
66 \xjrvodyld \XJ 56457 84:5 6918 919
67 ]lpedezh ]ZH ;739 4549 5817 415
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6;Wdeoh 5= Wudgh lq Pdqxidfwxuhv dqg Htxlsphqw
& Frxqwu| Lpsruwv lq devruswlrq Lpsruwv iurp _Elj :%
pdqxidfwxuhv htxlsphqw pdqxidfwxuhv htxlsphqw
+(, +(, +(, +(,
4 Dxvwudold 581; 8;13 :514 ;414
5 Dxvwuld 7418 9516 :918 ;319
6 Edqjodghvk 831; ;31< 6919 7<13
7 Fdqdgd 641: 9519 ;;1; <41<
8 Ghqpdun 8:15 <513 9:13 :;1:
9 Hj|sw 661: 9719 8<1: :<1:
: Ilqodqg 5;13 8:15 9<17 :;14
; Iudqfh 5816 7316 9317 :813
< Jhupdq| 5914 6714 7<16 9518
43 Juhhfh 6817 9:1: 9917 :913
44 Kxqjdu| 5<14 8613 6613 6;14
45 Lqgld 4515 5716 8619 :61<
46 Ludq 5919 781: 881: :716
47 Lwdo| 5<13 871< 8<1: :614
48 Mdsdq 816 71: 781; :61;
49 Nhq|d 4;1: 9313 9914 :717
4: Nruhd 5614 7:1< ;313 <313
4; Pdodzl 7517 <<16 7714 9717
4< Pdxulwlxv 6816 ;:19 7916 9417
53 Prurffr 651; 9913 9:16 ;513
54 Qhz ]hdodqg 6316 8:14 991: :814
55 Qljhuld 5<14 :613 9914 :51:
56 Qruzd| 7418 7<1< 9:13 ::17
57 Sdnlvwdq 6616 9917 9719 :717
58 Sklolsslqhv 5618 :516 8:15 :81;
59 Sruwxjdo 6414 :714 9713 :91;
5: Vsdlq 4917 7913 :717 ;714
5; Vul Odqnd 7;1< <713 7;17 :519
5< Vzhghq 7418 ;318 8:17 :313
63 Wxunh| 5517 8615 971< :814
64 Xqlwhg Nlqjgrp 5;1: 7914 8:15 :313
65 Xqlwhg Vwdwhv 441< 4919 7717 8;1;
66 \xjrvodyld 4819 6417 8818 961;
67 ]lpedezh 4;1; 971: 871: :515
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6<Wdeoh 6= Vrxufhv ri Htxlsphqw Sxufkdvhv
Lpsruwlqj Vrxufh ri Htxlsphqw Sxufkdvhv +( ri devruswlrq,
frxqwu| Krph X1V1 Mdsdq Jhupdq| X1N1 Iudqfh Lwdo| Vzhghq
Hxursh=
Dxvwuld 6:1: 615 619 6613 51: 517 61< 418
Ghqpdun ;13 :1< 91; 5;13 4316 719 71: 4315
Ilqodqg 751; 71: 81: 461; 814 51: 51; 4313
Iudqfh 8<1: :13 615 431: 61< ￿ 719 31<
Jhupdq| 981< 815 814 ￿ 619 618 613 31<
Juhhfh 6516 61; 61; 4;1: 816 815 4617 416
Kxqjdu| 7:13 419 514 431< 417 419 419 414
Lwdo| 7814 919 61: 4919 819 915 ￿ 417
Qruzd| 8314 914 61: <1< 914 513 516 ;18
Sruwxjdo 581< 813 81< 4;1; ;18 :16 <16 514
Vsdlq 8713 918 815 431< 715 817 817 415
Vzhghq 4<18 4316 ;13 531: <17 71: 616 ￿
Wxunh| 791; :14 91: 4713 718 513 71< 31;
X1N1 861< 4413 816 ;18 ￿ 617 51; 416
\xjrvodyld 9;19 51< 319 ;15 419 418 713 415
Sdfl￿f=
Dxvwudold 7513 481< 4916 818 718 415 514 418
Fdqdgd 6:17 781: 81; 514 41; 31; 31: 319
Mdsdq <816 51: ￿ 317 315 314 314 314
Nruhd 8514 451< 561< 518 413 418 317 31;
Qhz ]hdodqg 751< 4419 4819 71; 91: 418 41: 413
Sklolsslqhv 5:1: 5913 4;14 816 515 41: 31< 318
X1V1 ;617 ￿ 917 416 31< 318 317 315
Vrxwk Dvld=
Edqjodghvk 4<14 81: 471< 919 91: 713 419 316
Lqgld :81: 61: 713 718 51< 41< 31; 316
Ludq 8716 31< :15 4617 71< 31< 819 414
Sdnlvwdq 6619 4418 4515 <1: ;18 518 61< 415
Vul Odqnd 913 ;1< 5:1; 4313 451< 61< 518 515
Diulfd=
Hj|sw 6817 4313 ;13 431: 816 916 4315 31<
Nhq|d 7313 713 :17 :17 4:17 616 61: 417
Pdodzl 31: ;13 819 :13 591< ;1: 916 416
Pdxulwlxv 4517 415 4513 816 ;17 5616 615 316
Prurffr 6713 615 51: :18 61: 5:1: :13 517
Qljhuld 5:13 ;14 ;13 ;1; 491: 818 818 318
]lpedezh 6816 <14 516 :13 471: 71< 91: 514
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73Wdeoh 7= Lqyhvwphqw dqg Sulfhv
& Frxqwu| Lqyhvwphqw Sulfh ri htxls1 Sulfh Ohyhov
lq htxlsphqw uho1 wr frqvxps1 frqvxpswlrq htxlsphqw
+( ri JGS, +phdq @ 4, +phdq @ 4, +phdq @ 4,
4 Dxvwudold 81: 3193 41:6 4136
5 Dxvwuld ;15 3194 419; 4135
6 Edqjodghvk 816 4177 3176 3195
7 Fdqdgd 718 31:: 41;5 4173
8 Ghqpdun 91< 318: 41<7 4144
9 Hj|sw <19 515; 319; 4188
: Ilqodqg :19 3189 513: 414:
; Iudqfh 913 319< 4199 4146
< Jhupdq| 91: 3197 41:7 4144
43 Juhhfh 917 31<5 4147 4138
44 Kxqjdu| :17 4133 319; 319;
45 Lqgld :1< 41;8 3199 4156
46 Ludq 51: 4168 4169 41;6
47 Lwdo| :17 31:9 416: 4138
48 Mdsdq ;16 31:; 41;3 416<
49 Nhq|d 918 41<6 3184 31<;
4: Nruhd ;16 31<8 31<< 31<7
4; Pdodzl 916 4197 317: 31:;
4< Pdxulwlxv 917 5134 315< 318<
53 Prurffr 91: 515; 3175 31<9
54 Qhz ]hdodqg ;15 4135 415< 4165
55 Qljhuld 416 31;; 41<7 41:3
56 Qruzd| 71< 3198 5148 4173
57 Sdnlvwdq 81; 41:4 317: 31;3
58 Sklolsslqhv 71< 319< 3194 3175
59 Sruwxjdo 81: 415< 31;6 413;
5: Vsdlq 719 31<; 413< 413:
5; Vul Odqnd 91; 5147 317: 4134
5< Vzhghq 819 318; 41<4 4145
63 Wxunh| 917 3187 319; 316:
64 Xqlwhg Nlqjgrp 91: 31:4 417: 4137
65 Xqlwhg Vwdwhv 916 3197 5134 415;
66 \xjrvodyld <1< 4143 31:: 31;8
67 ]lpedezh 619 416< 318: 31;3
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74Wdeoh 8= Elodwhudo Wudgh Htxdwlrq/ Judylw| Sdudphwhuv
Yduldeoh Pdqxidfwxuhv Htxlsphqw
hvw1 v1h1 hvw1 v1h1
Glvwdqfh ^3/6:8, ￿￿g￿ 071<6 +3165, 071<9 +3167,
Glvwdqfh ^6:8/:83, ￿￿g2 0914: +3156, 09139 +3157,
Glvwdqfh ^:83/4833, ￿￿g￿ 09178 +3148, 09155 +3149,
Glvwdqfh ^4833/6333, ￿￿ge 091;7 +3146, 0:13: +3147,
Glvwdqfh ^6333/9333, ￿￿gD 0;157 +313:, 0;165 +313;,
Glvwdqfh ^9333/pd{lpxp‘ ￿￿gS 0;1:3 +3146, 0;1<5 +3147,
Vkduhg erughu ￿￿e 3153 +315;, 03146 +315<,
Vkduhg odqjxdjh ￿￿o 317< +314<, 31<7 +3154,
H{sruwhu frpshwlwlyhqhvv sdudphwhuv= Wdeoh 9
Lpsruwhu eduulhu sdudphwhuv= Wdeoh :
Qxpehu ri revhuydwlrqv 4455 4455
Xqfhqvruhg ;58 4336
Ohiw0fhqvruhg 5<: 44<
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75Wdeoh 9= Elodwhudo Wudgh Htxdwlrq/ H{sruwhu Frpshwlwlyhqhvv
Frxqwu| Pdqxidfwxuhv Htxlsphqw
hvw1 v1h1 hvw1 v1h1
Dxvwudold V￿ 417< +3159, 41;3 +315:,
Dxvwuld V2 4173 +3157, 51<; +3158,
Edqjodghvk V￿ 04198 +3157, 07197 +3166,
Fdqdgd Ve 5168 +3158, 6165 +3159,
Ghqpdun VD 4184 +3157, 6133 +3158,
Hj|sw VS 051<7 +3158, 09186 +3176,
Ilqodqg V. 4143 +3157, 41;9 +3158,
Iudqfh VH 615< +3157, 71:< +3158,
Jhupdq| Vb 7148 +3157, 81:< +3158,
Juhhfh V￿f 031:4 +3157, 05155 +3159,
Kxqjdu| V￿￿ 03185 +3157, 317: +3158,
Lqgld V￿2 31;: +3157, 317; +3158,
Ludq V￿￿ 061:< +3159, 07197 +3166,
Lwdo| V￿e 6154 +3157, 71:: +3158,
Mdsdq V￿D 71;: +3157, 91:3 +3158,
Nhq|d V￿S 06147 +3158, 08163 +316;,
Nruhd V￿. 516; +3157, 51<9 +3158,
Pdodzl V￿H 09158 +3163, 081;6 +316<,
Pdxulwlxv V￿b 07194 +315:, 06196 +3163,
Prurffr V2f 0515: +3158, 08187 +316;,
Qhz ]hdodqg V2￿ 31:3 +3159, 0315: +315;,
Qljhuld V22 091:8 +3166, 091;3 +3184,
Qruzd| V2￿ 31;6 +3157, 4173 +3158,
Sdnlvwdq V2e 3136 +3157, 04149 +3158,
Sklolsslqhv V2D 031<3 +3158, 041:< +315:,
Sruwxjdo V2S 03138 +3157, 03148 +3158,
Vsdlq V2. 4199 +3157, 5186 +3158,
Vul Odqnd V2H 05188 +3157, 051;; +315;,
Vzhghq V2b 5153 +3157, 61;9 +3158,
Wxunh| V￿f 04177 +3157, 05169 +315:,
Xqlwhg Nlqjgrp V￿￿ 6188 +3157, 8135 +3158,
Xqlwhg Vwdwhv V￿2 71:; +3158, 9183 +3159,
\xjrvodyld V￿￿ 03157 +3157, 314: +3158,
]lpedezh V￿e 05187 +3158, 07199 +3167,
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76Wdeoh := Elodwhudo Wudgh Htxdwlrq/ Lpsruwhu Eduulhuv
Yduldeoh Pdqxidfwxuhv Htxlsphqw
hvw1 v1h1 hvw1 v1h1
Dxvwudold ￿￿p￿ 5156 +3173, 517; +3175,
Dxvwuld ￿￿p2 4176 +3169, 518: +316;,
Edqjodghvk ￿￿p￿ 03148 +3168, 051<< +3177,
Fdqdgd ￿￿pe 5168 +316:, 6156 +316<,
Ghqpdun ￿￿pD 5196 +3169, 7185 +316<,
Hj|sw ￿￿pS 0616: +3169, 09198 +3185,
Ilqodqg ￿￿p. 3185 +3168, 4148 +316;,
Iudqfh ￿￿pH 6173 +3168, 61:6 +316:,
Jhupdq| ￿￿pb 7199 +3169, 8153 +316:,
Juhhfh ￿￿p￿f 03196 +3169, 0515< +3174,
Kxqjdu| ￿￿p￿￿ 04194 +3169, 04187 +3173,
Lqgld ￿￿p￿2 314: +3169, 04167 +316;,
Ludq ￿￿p￿￿ 06175 +316<, 071<9 +3179,
Lwdo| ￿￿p￿e 61;3 +3169, 719; +316;,
Mdsdq ￿￿p￿D 7134 +3168, 6173 +316:,
Nhq|d ￿￿p￿S 0614; +3169, 07144 +317:,
Nruhd ￿￿p￿. 417< +3168, 41:6 +316:,
Pdodzl ￿￿p￿H 08168 +3174, 0317: +3183,
Pdxulwlxv ￿￿p￿b 06196 +316<, 041<8 +3178,
Prurffr ￿￿p2f 0614: +3169, 081:6 +317;,
Qhz ]hdodqg ￿￿p2￿ 4148 +3175, 0313; +3178,
Qljhuld ￿￿p22 0:176 +3176, 0913; +318<,
Qruzd| ￿￿p2￿ 413< +3168, 03137 +316;,
Sdnlvwdq ￿￿p2e 3194 +3168, 03167 +316;,
Sklolsslqhv ￿￿p2D 04199 +316;, 0416; +3175,
Sruwxjdo ￿￿p2S 03168 +3168, 313< +316;,
Vsdlq ￿￿p2. 4136 +3168, 4169 +316:,
Vul Odqnd ￿￿p2H 04179 +3169, 3168 +3174,
Vzhghq ￿￿p2b 5195 +3168, 71<; +316;,
Wxunh| ￿￿p￿f 041;6 +3169, 06165 +3173,
Xqlwhg Nlqjgrp ￿￿p￿￿ 7159 +3169, 8143 +316:,
Xqlwhg Vwdwhv ￿￿p￿2 71:3 +316:, 8148 +316<,
\xjrvodyld ￿￿p￿￿ 041;9 +3169, 05174 +3173,
]lpedezh ￿￿p￿e 06137 +316:, 07137 +3179,
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77Wdeoh ;= Htxlsphqw Sulfhv
& Frxqwu| Wkh Sulfh ri Htxlsphqw
LFS Sulfh Wudgh0edvhg Frxqwhuidfwxdo
phdvxuh sulfh xqghu qr wudgh
phdvxuh lq htxlsphqw
+X1V1 @ 4, +X1V1 @ 4,
4 Dxvwudold 31;4 4196 41;4
5 Dxvwuld 31;3 4169 4185
6 Edqjodghvk 317; 6165 7139
7 Fdqdgd 4143 4157 4173
8 Ghqpdun 31;9 4148 4189
9 Hj|sw 4154 7179 8139
: Ilqodqg 31<4 4194 41:;
; Iudqfh 31;< 4146 4153
< Jhupdq| 31;: 31<< 4137
43 Juhhfh 31;5 5188 51<6
44 Kxqjdu| 3186 5136 5156
45 Lqgld 31<9 513: 5147
46 Ludq 4176 6197 61<5
47 Lwdo| 31;5 4144 4155
48 Mdsdq 413< 31<< 4133
49 Nhq|d 31:: 619< 7145
4: Nruhd 31:6 417: 418<
4; Pdodzl 3194 517< 7187
4< Pdxulwlxv 3179 51<4 61:7
53 Prurffr 31:8 61;; 7174
54 Qhz ]hdodqg 4136 5147 516;
55 Qljhuld 4166 7175 814:
56 Qruzd| 413< 41:; 41<6
57 Sdnlvwdq 3196 5166 5198
58 Sklolsslqhv 3166 5178 51;9
59 Sruwxjdo 31;7 41<8 5163
5: Vsdlq 31;6 4188 419:
5; Vul Odqnd 31:< 515< 6155
5< Vzhghq 31;: 413< 4166
63 Wxunh| 315< 51:; 6138
64 Xqlwhg Nlqjgrp 31;4 31<< 4139
65 Xqlwhg Vwdwhv 4133 4133 4135
66 \xjrvodyld 3199 5147 5157
67 ]lpedezh 3196 6188 7136
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78Wdeoh <= Surgxfwlylw| dqg wkh Uhodwlyh Sulfh ri Htxlsphqw
Htq1 Yduldeoh dvvrfldwhg zlwk wkh hvwlpdwhg frh￿flhqw
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6 3196 03169 4157 319;
+3156, +3164, +314;,
7 3164 03195 31:8 31:4
+315:, +315;, +3154,
8 0319< 03139 319<
+3144, +3155,
A￿i _iTi?_i?| ￿@h￿@M*i ￿t |￿i *L} Lu hi@* B#￿ Tih U@T￿|@ ￿? ￿bHDc @_￿￿t|i_ uLh )i@ht Lu tU￿LL*￿?} @t _itUh￿Mi_
￿? |￿i |i |￿ ,@U￿ hi}hitt￿L? ￿@t ￿e LMtih￿@|￿L?￿ ￿ UL?t|@?| |ih4 ￿t ￿?U*￿_i_ ￿? i@U￿ hi}hitt￿L?c M￿| ￿|t ￿@*￿i
￿t ?L| t￿L￿?￿ 5|@?_@h_ ihhLht @hi t￿L￿? ￿? T@hi?|￿itit￿ A￿i W￿￿ 4i@t￿hi Lu i^￿￿T4i?| Th￿Uit ￿t _i?L|i_
￿


































Figure 1: R&D and Specialization in Equipment Production
business-sector R&D (% of GDP)


































































































































Figure 3: Specialization in Equipment and Net Exports

































































































































































































































































Figure 7: Equipment Prices as Predicted and from the ICP
theta * log of predicted equipment price
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